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Abstract—in this letter, a new recursive tracking algorithm is  their packets at a later time with some probability known as the
presented that is capable of estimating the real arrival rate Area1,  retransmission probability, The joint drift equation is denoted

to the system. The estimated value of the arrival rateestimated. by j and its roots identify the offered loads at which the system
is used to dynamically adjust the control parameters of the system, settles [3]

hence ensuring that the operating point of the system is pushed g . . .
toward the required settling point, whatever the real arrival rate This letter presents a new arrival rate tracking algorithm that

to the system. This algorithm utilizes system information through is capable of estimating the arrival rate to the system continu-

the feedback channel in order to dynamically adjust the estimated gusly, using the latest updated estimate to select new values of
value of the arrival rate and hence update the values of the control the control parameters.

parameters.

Index Terms—Multiple access, multiplexing, stabilization of II. REGIONS OFTRACKING ALGORITHM
Aloha, slotted Aloha.
An assumed initial value of the arrival rate,;.i.1, is taken to

be between the minimum,,,;,, = 0 packets/slot and maximum,

Amax = exp(—1) packets/slot, values 0¥...;. Using the initial
EFERENCE [3] identifies how a slotted Aloha system caarrival rate Ai,itia1, in the control parameter selection algorithm
be stabilized for a given arrival rate. Stability of the systed®], initial control parameters values are obtained using

is achieved by dynamically adjusting control parameters to de-

termine the retransmission probabiljty These retransmission Up Sthe 2 )‘maf{ =exp(=1) , @)

probability calculations depend on the estimated numbgr, o =Ninitial €7 + 1, (1 — e™ort) — K. (2

of backlogged users which in turn is adjusted using control PESr these control parameters, the system will settle at a point

rameters. These control parameters, (v1 andw, relate, e etween the lowerGiw., and UpPerGhpper, bounds of the
spectively, to the no-transmission, one successful transmlssu?_p .
. N . . offered load. These bounds correspond to the roots of the joint

and the collision situation during any time slot) are chosen farift equation [3], taking into consideratici., = 1
a given value of the arrival rate [1]-[3]. If a system is operateJ q ' g opt = &
with an estimated arrival rate value different to the real value, the dj =dn — Gds (3)
system will not necessarily settle at the optimum offered load, ] ]
K. that maximizes the throughput of the system. The mayhen the system is assumed to be operatingalimum and
imum throughput of a slotted Aloha system is equal to 0.36Buaximun fespectively. In (3)(+ is the offered load which can
packets/slot and is achieved whitia,; = 1. take values between zero and mﬂmty am_lls th_e drift of the

In this letter, it is assumed that a large but finite number &fal number of backlogged users with this being expressed as

users transmit their packets of identical length utilizing the idelfl]
slotted Aloha system, operating in Deferred First Transition [2].
The channel propagation delay is assumed to be negligible. Each
user starts packet transmission at the start of a time slot afik drift, ds, of the estimated number of users is [4]

ends before the start of the next time slot. Each user has at most

one packet to transmit at any time. The number of new packet§s = e+ (uo — uc) exp (—G)+(u1 — u.) Gexp (=G) . (5)

arriving to the backlog state over a single time slot is taken toThese settling points are shown in Fig. 1. From this figure,

be Poisson distributed with a mean rate)gf,; packets/slot. . -
- . two lemmas can be deduced which are of great significance to
A collision occurs on the channel if more than one packet {Re development of the tracking algorithm

transmitted in the same time slot, by different users, otherwise .
. . . emma 1: If the Aloha system operates at an offered load
the packetis assumed to have been received correctly in that slof.

- : value, G , using control parameters selected utilizin
Users whose packets have suffered a collision will retransn}ﬁ operate 9 . P 9
estimate, then the real arrival rate),..;, to the system must

I. INTRODUCTION

dn = )‘real - Gexp (_G) - (4)

satisfy
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Region " Regions Region | the offered load at which the system is operating. Region 2
1 L 243 r will be terminated when €itheF.cii1e > Gupper OF Sy reaches
T o4 : 1 Sthreshold-
i‘"’” ...... S Region 3: The system is in region 3 if; < Stihreshold

and Geegtle < Gupper- IN this regions the joint drift equation
will satisfy dj = 0. In region 3, the estimated numbe,
of backlogged users will tend toward the minimum allowable
value,S..in. Therefore the retransmission probability will con-
verge toward unityd = K. /Sk). This implies thatis will be

, , equal to zero. Sincéj is also equal to zero in this regiodp
o (B)‘jfe;sed ll’;ad‘@azket‘s‘/sh‘);‘) v must be equal to zero in order to satisfy the joint drift equation
dj = dn — G ds = 0. The fact thatdn = 0 implies that the

Fig. 1. Drift curves displaying the corresponding roots of the joint drifarrival rate is equal to the departure rate. Region 3 is terminated
equation for minimum and maximum arrival rates to the system and the thigeg. increases bevoné
general regions of the tracking algorithm. k YOMthireshold -

Joint drift

. I . . [ll. STEPS OFPROPOSEDALGORITHM
parameters selected using.iimate, the joint drift equation

satisfies The steps of the proposed tracking algorithm are as:

Step 1: Initialize the system with initial values of the con-
trol parameters in accordance with (1) and (2) for
Aiitial = exp(—1)/2. Estimate the offered load of
the system using the maximum likelihood estima-
tion method [5].

dNreal < Nestimate At G = Kopg. (8) Step 2:  Once the system starts to operate in the region spec-
ified bY Glower < G < Gupper, the system moves
to region 2 of operation (ibx > Sinreshold)-

Step 3: In region 2, an initial estimate of the arrival rate

djrea1 < 0 At G = Kops (9) to the system is carried out using the joint drift

equationdj(G) = 0 [3], from

djestimate =0 at G= Kopt- (7)

WhenAcstimate > Areal, the value of the driftdn,.,; of the real
number,V;, of backlogged users will satisfy the relationship

From (3), (5), and (8), the following relationship fdf,..; can
be established:

SiNCeAreal > 0 @aNddjrea1(G = 0) = Areal
)‘estimate =G [uc + (UO - uc) exp(—G)
+ G(u1 — u.) exp(—G)]
Equations (9) and (10) imply that the rootdf.., lies between + Gexp(—G) (12)
Glower andKopt When)\estimate > )\real- . . T
Lemma 2: If a system operates at an offered load value, Step 4:  Find the error signal indicaterbased on Lemmas

djrea] > 0 at G =0 (10)

Goperate, USING control parameters selected utilisfg;imare, 1 and 2, from
then the real arrival raté,.., to the system must satisfy . { sign|G — Kope|, for G # Kope (13)
)\estimate < )\real < )\maximum for Kopt < Goperate < Gupper~ 07 for G N KOpt'
(11) Step 5:  Updaté .stimate USING
Proof: Can be proven in a similar way to Lemma 1.

The proposed tracpking algorithm will pe?lform different func- Aestimate,current. = Aestimate,previous T EAA (14)
tions in different regions depending on the load offered to the where A represents a constant scaling factor of
system, as well as the number of users in the backlog. In the the correction applied.
proposed arrival rate tracking algorithm, three regions of oper-Step 6:  Calculate a new value af (keepingu; and .
ation exist, as shown in Fig. 1. Transition from regions 1 to 2 fixed at the initial values) from
is determined by the value d@F, whereas the transition from K .
regions 2 to 3 is determined by an arbitrary valu&pthat dif- o = Aestimate ¢ e (1 — ) = Kopg. (1%)
ferentia_tes betyveen thg backlogged users being in a high or |0V\Step 7:  Repeat Steps 4-6 until region 3 is reached.
population region and is denoted Sig.reshold- Step 8: Inregion 3the arrival rate to the system is estimated

Region 1: Region 1 corresponds & > Glippe: WheniVy, > using (taking into consideration that the number of
S andSy > Stwreshold (When system is initiated in the heavy users is finite and small and assumiisy /t+1) —
traffic region, which is assumed in this paper). Users in the 0ast — oo [1])

system will measure the offered load of the system using feed-

t
back information broadcast from the base station. GRgg.e: Nestimate(t +1) = > r—o €(K) (16)
is reached, region 1 is terminated and region 2 is initiated. eotmmate t+1
Region 2: Region 2 is defined byV, =~ S, andS; > where
Stirestiold WHEN Glower < Grertte < Gupper- IN r€GION 2, the __ 1 ifasuccess was observed during time glot
algorithm will update the arrival rate recursively according to e(t) = 0 otherwise
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Fig. 2. Tracking performance ofN, by S, using the following Fig. 3. Tracking performance of\,ca; bY Acstimate USiNg following
parametersViniia1 = 120 USErs,Sinitial = 40 USErs,Aicalinitial =  parameterdug, ug,u.) = (—1.2,0.4,0.4) for proposed algorithm, with
0.2 packets/sldtuo, u1, u.) = (—1.2,0.4,0.4) for proposed algorithm, with  A;;¢;0 = 0.18 (wo, w1, u.) = (—0.33,0.4,0.4) for Rivest's algorithm, with
Ainitial = 0.18 (ug, uq, u.) = (—0.33,0.4,0.4) for Rivest's algorithm, with X450 = 0.5.

Ainitial = 0.5.

the tracking performance of..,; based on its estimation using
both algorithms. For the algorithm presented in [2] it can be seen
that the large initial value of the arrival rate makes the time taken
(17) forthe estimated arrival rate to reach the real arrival rate much
longer. For the proposed algorithm, the precise tracking of the
Step 10: Repeat Steps 8 and 9. If number of backloggeghl arrival rate causes the system to settle at the optimum op-
users increases, repeat from Step 3. erating point, thereby achieving maximum throughput. On the
The size of the correctioA ) determines the speed at whickPther hand, the algorithm presented in [2] is not suited in esti-
the estimated arrival rate converges toward the real arrival ré@ting the arrival rate over the entire load range.
and can be chosen to be either of fixed or variable Aize.

Step 9: Calculate a new value af (keepingw; and .
fixed at the initial values) from

up = ue (1 — effort)

V. CONCLUSIONS

IV. SIMULATION RESULTS This letter proposes a new recursive tracking algorithm for
Simulation results are obtained by updatiNg and S;, ac- the real arrival rate for Slotted Aloha systems. Each estimate of
cording to the changes occurring in the system for a given $be arrival rate is used to update the control parameters of the
of initial input parametersX.,;tia1, real number of backlogged system in order to ensure that the operating point of the system
usersNNy, total number of users (real) in the systé¥,..1, €s- iS pushed toward the optimum settling point. Simulation results
timated number of backlogged useéksand control parameters verify the effectiveness of the algorithm.
ug, u1 andu,.). For each time iteration, the number of users that In real time systems, feedback information from the base
have new packets to transmit are computed and are adde@taion is made available to users in the system at the end of
the number of users in the backlog state that are waiting to gach time slot, assuming that the channel propagation delay is
transmit their packets. Users in the backlog state transmit theggligible. This is possible by keeping the packet slot duration
packets according to their retransmission probability.S;, At smaller than the time slot to overcome these propagation delay
the end of each iteration, the values of the output parametgreblems occurring due to users being at different distance away
(IV, S, Aestimate) @re processed to obtain the different plots prérom the base station.
sented.
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