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Learning-Automata-Based TDMA Protocols
for Broadcast Communication Systems
with Bursty Traffic
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~ Abstract—A learning-automata-based time-division mul- is significantly improved. When the traffic conditions of a station
tiple-access protocol for broadcast networks, which is capable of change, this leads to a change of the choice probability of this
operating efficiently under bursty traffic conditions, is introduced. station. Therefore, the protocol is capable of being adapted to

According to the proposed protocol, the station which grants the sh load ch f a bursty traffi . t
permission to transmit at each time slot is selected by means € Sharp l0ad changes of a DUrSLy ratiic environment.

of learning automata. The learning automata update the choice ~ The proposed learning-automata-based TDMA (LTDMA)

probability of each station according to the network feedback protocol is applicable to a broad range of broadcast network
information in such a way that it asymptotically tends to be architectures, including bus, star, and wireless LANs. This
proportional to the probability that this station is ready. In this paper focuses on the theoretical aspects of LTDMA rather than

manner, the number of idle slots is minimized and the network it lication t ifi i K hitect Th
performance is significantly improved. Furthermore, the portion 9N IS @pplication 1o Specilic network architectures. 1ne paper

of the bandwidth assigned to each station is dynamically adapted iS organized as follows: The proposed LTDMA protocol is

to the station’s needs. presented in Section Il. An analysis of the asymptotic behavior
Index Terms—Broadcast communication Systerns7 bursty traf‘ﬁcl Of the SyStem Wh|Ch COI’lSiStS Of the automata and the network iS
learning automata, time-division multiple access. presented in Section Ill, while simulation results which indicate

the superiority of the LTDMA protocol over other well-known
protocols, are presented in Section IV. Finally, concluding
remarks are given in Section V.
HE KEY ISSUE in broadcast networks is how to deter- Il. THE LTDMA PROTOCOL
mine who gets to use the channel. A broad range of de-

mand assignment, random access, and fixed assignment protdiccording to the proposed LTDMA protocol, each station is
cols have been proposed as solutions to this prob'em [1]' [2]pr0Vided with a Iearning automaton which contains the basic

Fixed assignment protocols, such as TDMA [1]-[7], RTDMAghoice probability?;(¢) of each stations;, foré = 1, ---, N,
[8], and FDMA [1], assign a fixed portion of the available bandwherelN is the number of stations. At each time siothe basic
width to each station. In this way, collisions are avoided. Dug0ice probabilities are normalized in the following way:
to the absence of collisions, protocols of this family achieve a N
high performance when the traffic of each station is stablesand ILi(t) = Pi(t)/zpk ). 1)
priori known. However, when the traffic is bursty, fixed assign- k=1
ment protocols are not capable of being adapted to the sharﬂ—he station which grants permission to transmit is selected
changes of the stations’ traffic. Therefore, their performanceagcording to the normalized probabilitis, fori = 1, -- -, N.
dramatically degraded. At each time slot, the basic choice probabilit§;(¢) of the

In this letter, a new time-division multiple-access (TDMA)selected station(t) = v, is updated according to the network
protocol which is capable of operating efficiently under burstigedback information. If station; transmitted a packet during
traffic conditions is introduced. According to the proposetime slott, then basic choice probability af; increases. Oth-
protocol, the station which grants permission to transmit &wise, if the selected statian was idle, then the basic choice
determined means of learning automata [9]-[12]. At each tinfobability of«; decreases. The following probability updating
slot, the automata take into account the network feedbagiheme is used [whetg, a € (0, 1)]:
information in order to update the choice probability of the Pi(t+1) = Py(t) + L(1 — P,(t)),
selected station. '_I'he Iearnm_g algorithm was designed in _such a if () = u; andslot(t) = success
way, that the choice probability of each station asymptotically
tends to be proportional to the probability that this station is Fi(t +1) = Bi(t) — L(B(Y) — a),
ready (i.e., it has at least one packet in its queue). In this way, the if u(t) = u; andslot(t) = idle. 2
number of idle slots is minimized and the network performance sjnce the offered traffic is bursty, when the selected station

has a packet to transmit, it is probable that this station will have
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When the choice probability of a station converges,tthen
this station is not selected for a long period. During this periot
it is probable that the station transits from idle to busy stat
However, since the station does not grant permission to transn
the automata are not capable of “sensing” the transition. Tl __
role of parameted, is to prevent the choice probabilities of theZ
stations from taking values in the neighborhood dh order to
increase the adaptivity of the protocol.

All the stations use the same learning algorithm and—due
the broadcast nature of the network—the feedback informatic
is common for all the stations. Consequently, all the automata.
ways contain the same choice probabilities. Furthermore, sin
the same random number generator and the same seed is
by all the stations, it follows that all the stations select the san

station which grants permission to transmit. Therefore, althoug..
there is not centralized coordination between the stations, me

protocol is collision-free. Coordination between the stations

tion is feasible. Other protocols following this approach are th~
random URN [13] and the random TDMA [8].

[ll. ANALYSIS
Theorem 1: If the learning algorithm (2) is used awgis the
probability that station; is ready, then for any statian
Pi(t) = d;.

lim

t—oo,L—0,a—0
Proof: The proof is based on the methodology used i
[11]. Itis proved that

E[P(t)] = d; andvar[P;(t)] = O(L).

lay (slots)

[
=]

lim
t—o0,L—0,a—0
Theorem 1 follows in a straightforward manner. The complel
proof can be found in [12].
According to Theorem 1, for any two statiomsandu,; (with
d; # 0), the LTDMA asymptotically tends to satisfy the relation

1.
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Fig. 2. The delay versus throughput characteristics of LTDMA, TDMA, and
RTDMA when applied to networkys .

This relation also holds for the normalized choice probabili-

tiesll; andIl;:

1I;

“4)

packetarrivals. Whenasource-nodeisinstathen, ateachtime
slot, ithas a packet arrival with probabili#y. Given a stationisin
stateS, at time slott, the probability that this station will transit
to stateS; at the next time slot i$%;. The transition probability

N
P / > Pu()
k=1 .
11, N from stateS; to stateS, is Pyo. It can be shown that, when the load
P / > P(t) offered to the network i& packets/slot and the mean burstlength
k=1 is B slots, then the transition probabilities afgy, = 1/B and

Thus, each station tends to take a fraction of the availablg, — R/(B(NZ — R)). Each station is provided with a FIFO
bandwidth, proportional to the probability that this station igueue which stores the arriving packets while they are waiting for
ready. transmission. Thequeuelengthisassumedtobe egppéokets.

IV. SIMULATION RESULTS A packet arriving while the queue is full, is assumed lost.

Inthefollowing, the proposed LTDMA protocoliscomparedto The number of stationd’, the queue siz€), the mean burst
protocols TDMA, RTDMA, and URN[13]. TDMAand RTDMA length B and the packet arrival probability of each active sta-
are representative TDMA protocols, while URN is a limited cortion, were taken to be as follows: 1) netwa¥k: N = 10, Q =
tention protocol [1]. In the simulation of URN, the round-robirl5, B = 10, Z = 1.0 and 2) networkN,: N = 10, Q =
window mechanism is used for determining which stations grase, B = 20, Z = 1.0
permission to transmit at each time slot. As it is shown in [13], The delay versus throughput characteristics of protocols
this scheme is more effective than the random URN scheme. LTDMA, TDMA, and RTDMA when applied to networksv;

The protocols which are under comparison were simulateddod N, are appeared at Figs. 1 and 2, correspondingly. From
be applied to two networks\; andVs) under bursty traffic con- the above graphs, it becomes clear that, LTDMA achieves a
ditions. The bursty trafficwas modeledinaway similartothe ondsgher throughput-delay performance than protocols TDMA and
presentedin[14] and [15]. Each source-node can be in one of tROEDMA, when operating under bursty traffic conditions. The
statesSy andS;. When a source-node is in staigthen it has no superiority of LTDMA over TDMA and RTDMA is due to its



PAPADIMITRIOU AND POMPORTSIS: LEARNING-AUTOMATA-BASED TDMA PROTOCOLS

109

On the other hand, LTDMA is based on the network feed-
back information in order to give permission to transmit to sta-
tions that are most likely to be ready. In this case, the network
throughput isTirpya = 3o, I1;d;. As stations with higher
probability of being readyl; are selected with higher proba-
b|||ty I1;, it follows that: T rpya > TURN-

V. CONCLUSION
This letter has presented a new TDMA protocol. According
the proposed LTDMA protocol, the station which grants per-
mission to transmit at each time slot is selected by means of
learning automata, which are capable of being adapted to the
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sharp changes of the stations’ traffic. Therefore, the new pro-
tocol is capable of achieving a low delay and a high throughput
in the dynamic bursty traffic environment.

Fig.3. The delay versus throughput characteristics of LTDMA and URN when The main characteristics of the LTDMA protocol are summa-

applied to networkV, .
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Fig.4. Thedelay versus throughput characteristics of LTDMA and URN when 5]
applied to networkVs.

capability of using the network feedback information, instead of [6]
blindly selecting the station which grants permission to transmit.

URN is based on the knowledge of the number of ready sta-
tions, in order to decide how many stations will grant permission
to transmit. Since the basic LTDMA protocol does not require
any knowledge of the number of ready stations, it was slightly (8]
modified, in order to be fairly compared to URN. When there [g]
are more than one ready stations, then the LTDMA protocol op-
erates as described above. When there is only one ready s el
tion, then all the stations grant permission to transmit. The delay
versus throughput characteristics of the modified LTDMA pro-
tocol and URN when applied to networké, and N, are ap-
peared at Figs. 3 and 4, correspondingly. Under light load con-
ditions, both protocols achieve a similar performance since botH2
of them degenerate to slotted ALOHA. Under medium or high
load conditions, LTDMA achieves a superior performance tharil3]
URN. The superiority of LTDMA is due to the following reason:

URN determines how many stations grant permission tgi4]
transmit, but makes no effort to determine which stations
should be selected. Therefore, these stations are selected in a
round-robin fashion. Under medium or heavy load conditiong15]
only one station grants permission to transmit, thus the network
throughput isTury = (1/N) 2N | d;.

(7]

(11]

rized below.
1) It achieves a high performance, even when the offered

traffic is bursty.

2) The protocol is self-adaptive. Theorem 1, indicates that

each station tends to take a fraction of the available band-
width proportional to its needs.

3) No centralized control of the stations is required, since the

protocol is fully distributed.
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