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Abstract. In reservation-based multiple access protocols, before obtaining a contention-free access to the channel, a mobile terminal must wait for its
request packet to be successfully sent to the base station. A pseudo-Bayesian ALOHA algorithm with multiple priorities is proposed in this paper to
reduce the waiting time of delay sensitive request packets in a multimedia environment. Packets are transmitted in each slot according tia transmiss
probability based on the channel history and a priority parameter assigned to their respective priority class. An adaptation of the slotted protocol
the framed environment proposed for wireless ATM is also described. Simulation results are presented to show that the protocol offers a significant
delay improvement for high priority packets with both Poisson and self-similar traffic while low priority packets only experience a slight pegforman
degradation.

Keywords: multiple access methods

1. Introduction tention slot. This prevents the application of these schemes
in reservation protocols employing a frame structure similar
In reservation-based medium access control (MAC) protgy the one illustrated by figure 1, as proposed for some wire-
cols, a mobile terminal sends a request to the base statiggs ATM systems [1,5,6,15]. In this structure, feedback for
to obtain a contention-free access to the wireless channfik uplink transmissions is available only at the beginning or
However, in most of these systems, the request packeteigd of each frame. A straightforward modification that can
sent in contention with request packets from other connése implemented is to divide the terminals imibdifferent
tions. Thus, the most critical factor affecting the delaygroups, one accessing each uplink control slot. Then, feed-
related quality of service (QoS) in a reservation MAC propack information sent in the downlink control slots can be
tocol is the contention phase that a connection goes througed to update each independent group. Even if this mod-
before it is allowed contention-free packet transmissions. jfication will maintain the maximum global throughput, the
For certain classes of traffic the contention phase is tBeparation between groups is not desirable since it will cause
limiting factor in providing a delay-QoS guarantee, whilgonger delays (for the same reason tivaservers of capac-
other traffic classes are less sensitive to the introduced @9-c /N with distinct queues produce a longer delay than a
lay. The first packet of a voice talkspurt, a request for negingle server of capacitg).
bit-rate in a real-time variable bit rate connection, or a hand- Thus, there is a need to find a new random access protocol
off request for a real-time connection are examples of co@ith mixed priorities that can be specifically adapted to the
trol packets sensitive to contention delay. On the other haighme structure of many reservation protocols. Since these
control packets for new data messages or request to estabfjgdtocols are centrally controlled, information about the ac-
a new connection are less time sensitive. It is, thus, nec@sal state of the multiple access algorithm can be centrally
sary to find a contention access protocol that gives priorififaintained, allowing an easy adaptation by the algorithm to
to delay sensitive request packets in order to improve tiige sensed channel state. On the other hand, a determinis-
performance of multimedia wireless MAC protocols such ag algorithm cannot be used since we cannot make any as-
those proposed to support wireless ATM. sumption about the active user population size. Finally, we
Several contention protocols with mixed priorities haveonsider that in reservation protocols the overall throughput
been presented in the literature. Some protocols avoid cgnot determined by the random access throughput, but the
lisions between high and low priority packets [3,7,10,11H0S is highly dependent on the delay encountered by re-
They postpone low priority packet transmissions until theyuest packets. Hence, our design criteria put more emphasis

detect, through channel feedback, that there is no more higifithe access delay than on the throughput. Thus, we want to
priority packet in the system. Other protocols allow col-

lisions between high and low priority packets [9,12,13,1?]— Downlink —.}.7 Uplink 4.{
and service priority is given by the collision resolution pr
tocol. However, these priority protocols work on a slot-by

. . . . 112{ « «|N - 1{2] « «|N e
slot basis and require an immediate feedback after each con-
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have low and fairly constant delays for the high priority traftet y1, ..., y, be the priority parameters of the respective
fic over a relatively wide range of total traffic rates, withoutraffic classes an@; (n;) = n;q; = y;. From here on we
introducing excessive delays for low-priority traffic. will assume without any loss of generality that the traffic
To develop this new protocol, we have chosen to extasses are ordered in decreasing priority (i.e., traffic class 1
plore the possibilities offered by the slotted ALOHA prohas the highest priority and traffic clagpsthe lowest prior-
tocol. The CSMA and CSMA/CD protocols [2] could alsdty). If we impose the constrait.”_; y; = 1, we obtain the
have been considered to implement the desired random ggsired maximum throughpuyé and each traffic class has
cess protocol with priorities. However, the ALOHA protocoh throughpuy; /e.
has the advantage of simplicity of operation for the mobile Now, assume that at the beginning of a slot the number of
terminals and is not affected by the hidden terminal proycklogged packets of priority classi (1 < i < p) is sta-
lem. Furthermore, if each mobile is allowed only one constically independent of other priority classes and given by
trol packet transmission in each frame as is usually the cagpgisson distribution with parametir> y;. Furthermore,
for reservation protocols, the CSMA and CSMA/CD protogach packet of classs independently transmitted in the slot
i:ols cannot take advantage of their sensing capabilities, tq, probabilityg; = y; /.
increase the throughput. Letn; denote the number of backlogged packets of dlass

The paper is organized as follows. ln the ,neXt Se,C“F’,”' Y the end of a slot, excluding new arrivals. Using Bayes’
propose a slotted ALOHA protocol with mixed priorities, .

A modification to adapt the protocol to the framed transmis-

sion environment is then introduced in section 3. Finally,

simulation results are presented in section 4. p(na,...,np | slotevent
. p(slotevent ny,...,np)p(ny, ..., np)
- p(slot event

)
2. Pseudo-Bayesian slotted ALOHA with priorities

. . . . and since the marginal distribution @f given the slot event
It is known that the basic slotted ALOHA algorithm, Wthi‘H : g 29
X X s given by
allows a node to transmit new packets in the next slot when
it receives them, and to retransmit backlogged packets with P
a fixed probabilityy, in subsequent slots, is unstable forany _
value of the arrival rate. Thus, to implement a stabilized slot-p(n’ | slotevent = Z Z p(n,....np | slotevent,

ted ALOHA with priority classes, we derive an algorithm ﬁé,l nj=0
similar to the pseudo-Bayesian ALOHA stabilization algo- 4)
rithm presented in [2,16]. we can find the joint and marginalposterioridistributions

Let new packets be regarded as backlogged immedfthen;'s for all the slot events (idle, success by a packet
ately after their arrivals at the respective mobile terminalrom priority class;, or collision). Furthermores! = n;
They will attempt transmission in subsequent slots until sughen we have either an idle or collision slot. For the case

cess with a probability determined by their priority clasg/here a packet from priority class(1 < j < p) was suc-
and the estimated backlogged state of the system. Cegssfully transmitted;; = n; fori # j andn’i =n;— 1

sider dividing thg traffic sources intp prioiity classes. Therefore, we can show that thé's joint and marginal
The cumulative input arrival process consists jofinde-  ,ohapility distributions, given that the slot was either idle
pendent Poisson processes with intensitigs .., 5. Let 4 gecupied by the successful transmission of a packet from

ni,...,np andqa, ..., q,, respectively, be the number Ofpriority class;, are respectively given by

backlogged packets and the transmission probability of each
traffic class. Then, the channel traffic generated by dléss X .
Gi(n;) = n;q; and the total attempt rate @(n1, . .., n,) = (ni —y)ie™™

p
p(ny.....n, |idle or sucg) = el—[ (5)

> nigi. The probability that a packet of thi¢h traffic i1 n!
class is successfully transmitted in a slot is then given by B
Plice™ Gi(np)e Gl (1) and
and the probability that a packet from any class is success- R o
fully transmitted is p(n: ‘ idle or SUC(]") = we*(ﬁi*%)' (6)
n.!

Psuce™ G(na, ..., np)e 0m=p) (2) ’

We see that ifG(n1, ..., n,) is maintained at the optimal Furthermore, the arrival process is Poisson and independent

value of 1, the system can achieve its maximum throughpaftthe contentions over the channel. Thus, the number of
of 1/e. The throughput of priority classis thenG;(n;)/e. backlogged packets of priority class including new ar-
Thus, it is possible to adjust the throughput of each classriwals, after either an idle or successful slot, is also indepen-
a specific value, by adjusting its fraction of the total trafficdent and Poisson distributed with paraméter y; + A;.
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For the case where a collision has occurred in the slot, tBncey < 1 andn is likely to be large when there is a

n’’s joint and marginal probability distributions are: collision, the correlation can be considered negligible. Fur-
thermore, the arrivals for each traffic class are independent.
P(nll, cees n’,, | CO”) Thus, we can reasonably assume that:t}ie are indepen-
e e (P y dent. T_herefor_e, our i_nitial assumptions on the independence
=53 l—[ T (l—[ n;t— l_[ (ﬁ,- — y,~) i and Poisson distribution of the number of backlogged pack-
€ i—1 it \iz1 i=1 ets of each traffic classare satisfied for all three possible

, slot events, i.e., idle, success, or collision.
n.
- V/) J s (7)

i=1 j=1 i
;7&1_ 2.1. Algorithm
P(”: |C°") Based on the above results we can derive an algorithm to
e e ! 1 R W implement a multiple access protocol with mixed priorities.
T e— 2?[”[ — e [(2 - Vi)(”i - Vi) ' As before, considep different priority classes with inde-
V1 pendent Poisson arrival processes of intensities. ., A .
+niyi (ﬁi —v)" ]] (8) A lower index corresponds to a higher priority class. jet

be the priority parameter specified for traffic priority class
We can clearly see that after a collision slot, the numbeTs maintain the priority order, we must haye > y, >
of backlogged packets in the priority classes are neither... > Yp—1 = ¥p and the parameters must satisfy the rela-
independent nor Poisson distributed. However, we can cofibn -7 y; = 1.
put_e the mean and variance_of the obtained marg_inal distri- The algorithm operates by maintaining for each priority
bution and compare them with the mean and variance otissi an estimatei! of the number of backlogged packets
random variableX that is Poisson distributed with paramen! at the beginning of each slot For each priority class,
teri; + yi/(e— 2). We then find: an effective priority parametet’ is also computed (this is
needed to avoid the condition that > 7!). A new arrival

E[n; | CO”] =n; + v > during slotr is immediately regarded as backlogged and it
R e;i will attempt transmission in each subsequent slot after its
Elx]1=n; + e_ 2 arrival until success. The transmission probability for each
5 (9) priority class is derived below. While a mobile terminal is
Var[n} | coll] =A; + i _ < Vi ) , backlogged, no other arrival is allowed until the terminal has
e-2 \e-2 successfully transmitted its packet.
Var{x] = n; + eyi > At the beginning of each slot 72! is updated from%ﬁ_l,
- st—1

y; — and the slot event feedback for stot- 1 according to

Thus, we see that even if the distributiongf given that the rule:
there was a cplllsmn, is not quite P_0|s_son_, its mean and vari- max(A;. ﬁ§—1 T );l_t—l)’
ance are similar to the Poisson distribution with parameter for idle or success
1

Ai +vi/(e— 2). Furthermore, we know that < 1 and that n; = 5i—1 (11)
n; is likely to be large when a collision occurs (and stabi- ﬁ§‘1 +A+ > for collision.
lization will be more necessary when the number of back- €-
logged packets increase). Under these conditions, we se€The priority parametey; is assigned a fixed value when
that the variance becomes almost equal to the Poisson diiee system is initialized. However, the transmission proba-
tribution. The similarity of the two distributions can also beility ¢/ of priority classi for slotz, given byy; /A, cannot
observed through plotting of their respective probability defpe greater than one. Thereforeyjf > 7! for some prior-
sity function. For these reasons, the distribution of the nurity classi, we setg] = 1, and thus, the “effective” value of
ber of backlogged packets for priority classafter a colli- the priority parametey; (y; = nlg! = i!) for the through-
sion slot, including new arrivals, is reasonably approximatgulit equation is no longer equal to its initial optimal value.
by a Poisson distribution with parametigr-y; /(e—2)+4;.  Furthermore, sincé! < y;, we have} ", y; < 1 and the

It can be shown that the correlation between the numbéesal throughput is lower than its optimal value g%l Thus,
of backlogged packets of two different priority classesmd to maintain the optimal throughput, we should increase the

j (i # j)is given by traffic of the remaining priority classes by assigning the dif-
ference between the fixegt and i} to the other priority

Cort{n;, n; | coll] classes. We propose a prorating algorithm to dynamically
—yiyie— 2)-2 compute, at the beginning of each siptfor each priority

= — " VIV o PRy classi, the effective priority paramete¥ based on the fixed
[(”i te3— (ﬁ) )(”/ + a2~ (F’z) )] priority parameterg; and the estimated numbers of back-
(10) logged packets;.
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The parameterg/ are set such thaZf’zl y! = 1. For of backlogged packeb‘sjfl, based on the feedback on the
each priority class, the prorating algorithm initially sets its outcome of each slot. The exact time of the feedback is not
effective priority parametst! toy; if y; < i, orton! other- important, as long as it is received before the next frame.
wise. IfZ{’:1 y! < 1, to maintain the optimum throughput,Thus,nffl, the number of backlogged packets in each klot
the “leftover” (i.e., 1—2{’21 y!) is added to the effective pri- after either an idle, success or collision slot, is an indepen-
ority parameter of the highest priority class (i) in order dent Poisson random variable with paraméi,‘g“rl. Hence,
to increase its transmission probability and, therefore, dg=t1, the total number of backlogged packets at the begin-
crease its waiting time. Then,;i{ < ﬁtl, the prorating algo- ning of framer + 1, is also Poisson with me@:]i(:l ﬁ'f:rl,
rithm is stopped; otherwis¢, is set tor} and the same pro- which satisfies our initial assumption.
cedure is repeated for each priority clagg > 1) in order  This result can be easily extended to the case where we
of decreasing priority. After this procedure”_, 7/ <1, havep priority traffic classes contending for the slots in the
the “leftover” is assigned to each priority class in propofframe. If each of thé! backlogged packets of priority class
tion to its packet arrival rate. The prorating algorithm can b@ < i < p) chooses independently one of tkieslots in the
summarized as follows: frame for transmission with a uniform probability, then at the
beginning of frame, the number of backlogged packets of
priority classi for each slok (1 < k < K) is independently

for each priority class
] P

st min(ﬁ‘. 1— St Z min(#’, )) Poisson distributed with parameté&l/ K. We can then in-

1 1 ] 1

n,

¢ i o ¥ dependently apply for each slbtthe pseudo-Bayesian rule
P given by equation (11) to compute the updated estimate of
L=1- Z v the number of backlogged packets after the slot. Further-
i=1 more, the number of backlogged packets of each priority

for each priority class classi in each slok after either an idle, success or collision
pl=pl+ p)‘i L. slot, is an independent Poisson random variable. Therefore,
j=1 i ﬁ;*l, the updated estimate of the total number of backlogged

packets of priority class at the end of frame, is given by

. Ly nt N
Having determined; andy; at the beginning of slot, the sum of the updated estimates oftadllots in framer.

each backlogged packet in each priority class indepen-
dently transmitted in slot according to the transmission

probabilityg!, which is calculated as follows: 3.1. Algorithm

_ A Using these results, we can derive from the pseudo-Bayesian
I = 1,2 12 o ; i i i i
g; = ming 4, ar) (12) priority algorithm presented in the previous section a multi-
1

ple access protocol with mixed priorities fokaslot frame.

The arrival rater; for each priority class (1 <i < p) is

3. Framed pseudo-Bayesian ALOHA with priorities given in number of packets per slot. The same definitions
. ~_that were presented in section 2 foy y and priority order

Many reservation protocols employ a frame structure similafe assumed.

to the one presented in figure 1. Therefore, control packetsThe algorithm operates by maintaining for each priority

are not sent on a slot basis but on a frame basis. To adgpiss; an estimatei’ of the total number of backlogged

the slotted algorithm for such reservation protocols’ contrglyckets,! at the beglinning of each frame A new arrival

. . l

traffic we propose a strategy whereby a new packet, haviggring framer is immediately regarded as backlogged and

arrived at a mobile terminal, waits until the next frame before il attempt transmission in each subsequent frame after

attempting its first transmission (i.e., a gated system). Stggk arrival until success. Meanwhile, the respective mobile

ing from the next frame, the terminal will independently atsrminal is blocked from further new arrivals.

gf, in a slot chosen randomly and independently from frarqc,aﬁﬁ is updated fromi! %, 7/~ and the slot event feedback

to frame. for framer — 1 (letnnc be the number of idle or success slots

‘Suppose that there afe slots in a frame and tha pri- 51, the number of collision slots in frame- 1) according
ori distribution of the total number of backlogged packetg, ihe rule:

n' at the beginning of frameis Poisson with parametéf.

Ar—1
If each backlogged packet independently chooses a slot in At g nf Al

the frame for transmission, then the distribution of the num- ;= Ki + nnemax| O, K Vi

ber of backlogged packeig that have chosen a given slot At pr-l

(k =1,...,K) is Poisson with parametéf /K and inde- +nc< lK + el 2). (13)

pendent of other slots in the frame. We can, therefore, ap-
ply the pseudo-Bayesian algorithm presented in the previousTo maintain the optimum throughput in each stah the

section (for the case where there is only one priority clasBame, we apply the prorating algorithm presented in sec-
independently for each slot to update the estimated numltien 2, with the only difference that the estimated number of
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backlogged packet in a slot is given b/ K. We, thus, find
. .. L . o—= (Class one
the effective priority parameter of each priority class using 5—= Class two
. g . . *—*  Average
the following modified prorating algorithm: 7 ——  BasicPB

for each priority class
At i—1 14 At
I L At (T )
i m|n<?,1— Vi — E mm(E,y, ,

j=1 j=i+1
p

L = 1 - Z )/}l'tl
i=1

i=
for each priority class

@

~

Waiting time in number of frames
fe,]

V=t =
j=1 Aj

L.

Then each backlogged packet of each priority classnde- g -
pendently transmitted in a randomly selected slot (each Sl 5702 s o7 o5 o5 o7 o5 o5 y
has a probability 1K of being chosen) in frameaccording Traffc class one priorty parameter

t(? _the transmission Pmbab”'%' The transmission proba- Figure 2. Average waiting time as a function of the priority parameter for
bility for each clasg is selected such that the overall access the framed system.; = 0.15 andi, = 0.20 packetgslot.
rate in each slot of the frame is maintained at its optimal

value. This is achieved using equation (12) to compute the ' ' ' ' ' ' ' T
transmission probabilities by replaciffby 7! /K, the esti- o9 Cassong ‘
mated number of backlogged packets in each slot of a framg]| [*—* Zverage , o i
of length K. Thus, the transmission probability in frame

for priority classi is calculated as follows:

N
=]

i1 Vi
g; = min{ 1, o K. (14)
i

Waiting time in number of slots
&

4. Simulation results

=)

In this section we present the simulation results for the slot-
ted and framed pseudo-Bayesian priority algorithms. To®
evaluate the proposed algorithms, the waiting time statis- |
tics are compared with those obtained without access prix : . . i i i i i i
ority between the traffic classes (“Basic PB” protocol). In O O e ciass ono amualrate Gadetsisey 0%
the simulations, the arrival rate values used by the backlog
estimation algorithm are estimates computed from a maok/gure 3. Average waiting time as a function of traffic class one arrival rate
ing time-average of successful transmissions for each traffic 10 e slotted systemkz = 0.18 packetgslot andy; = 1.
class over a window period of 500 slots. To ensure reliable
steady-state statistics, we have run the simulation for a ggare point. Thus, the optimum operating point igsat= 1
riod of at least 10 million slots with each parameter set. Thghen traffic class one is the high priority traffic.
framed scheme is configured with ten slots per frame and The average waiting time as a function of the arrival rate
the waiting time for this scheme is measured in number 6f the high priority traffic class is illustrated in figures 3
frames, a time unit commonly used in a framed environme@d 4. Since, as explained previously, the optimal operat-
We also assumed an infinite number of terminals such thag@ point is aty; = 1, this value is used to obtain all sub-
no arrivals are discarded. sequent results presented in this section. It is apparent from
Figure 2 shows, for the framed system, the effect of tiibe figures that the average waiting time of the high-priority
priority parameter on the average waiting time when the draffic is relatively constant (in fact, it increases very slowly
rival rates are fixed for both priority classes. As expecteas the arrival rate of the high priority traffic increases) over
from the throughput equations presented in section 2, wevide range of traffic conditions, even when the overall ar-
observe that a traffic class has a delay advantage whenrigals are near the maximum total arrival rate (around 0.36
arrival rate is smaller than its fair share of the total througipacketgslot) that can be supported by a slotted ALOHA
put(i.e.,.; <y Z?=1 A;). Aninteresting phenomenon cansystem. Also, the average waiting time of the two priority
also be observed that the average waiting time experiencdalsses taken together is always lower than that of the refer-
by both traffic classes shows a decreasing trend as the primee basic PB protocol, and the low-priority traffic class suf-
ity parameter deviates by an increasing amount from the féérs only a small degradation of its waiting time compared to
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Figure 4. Average waiting time as a function of traffic class one arrival rafégure 6. CDF of the waiting time for the framed systely. = 0.15 and
for the framed systeni, = 0.25 packetgslot andy; = 1. A2 = 0.20 packetgslot. y1 = 1.
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Figure 5. CDF of the waiting time for the slotted system. = 0.15 and  Figure 7. Average waiting time as a function of the traffic class one priority
A2 = 0.20 packetgslot. y1 = 1. parameter for the slotted systerhy = 0.05, Ao = 0.15 andiz = 0.15
packetgslot.

the reference basic PB protocol. Similar results are observed

for other traffic conditions [4]. than 10 frames after their arrivals in the reference system
Figures 5 and 6 show th@umulative Density Function to a transmission under 4 frames for priority packets, which

(CDF) of waiting time in the slotted and framed systems, reéepresents a decrease of the waiting time of 60%.

spectively. The presented results are for a total arrival rate

of 0.35 packetsslot which is almost the saturation point for4.1. Multiple traffic classes

the basic PB algorithm. For both systems, we can clearly ob-

serve the substantial improvementsin terms of reduced walte have also performed simulations to determine how the

ing time for the high-priority traffic class. For example, folgorithm reacts when more than two priority classes con-

the slotted system (figure 5), 70% of the high priority packend for the channel. The results presented in this section

ets are transmitted less than 3 slots after their arrivals, whiee for three priority classes but similar trends have been ob-

for the reference algorithm, it takes 30 slots. Furthermorgegrved for higher number of classes. The prorating algorithm

90% of the high-priority packets are transmitted less thamplements the following priority order: class one, class two

7 slots after their arrivals with the priority protocol whileand then class three. Thus, even if two classes have the same

for the non-priority algorithm it is completely out of range priority parameter, a priority order will be given by the pro-

For the framed system, the improvement is less spectacuiating algorithm.

but is still quite interesting. For example, we improve from Figure 7 illustrates the impact of the class one priority

a situation where 90% of the packets were transmitted lgsarameter on the waiting time for the slotted system. The
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F i Table 1
riority parameters of the two other classes were sgt o L . ,
P yp & Class one waiting time (frames) for framed pseudo-Bayesian algorithms

(1 — y1)/2. Thus, no advantage is given to any of the low with self-similar traffic (90% c..).
priority classes by the priority parameter. Only the proratin%
1

: g P A2 Poisson  Non-priority  Priority Improvement
algorithm will implement the priority order among the two wafic  algorithm  algorithm
classes.

We observe that the algorithm is performing as expecté@> 015 14 17 15 0.16 (0.15-0.16)
with three priority classes. That is, when the priority pag'og g'ég ;'g g'g ;g 0"173 ((2'(7)3%)81)
rameter of traffic class one exceed its share of the tofals 39 47 34 26 2 (2'9_33')
throughput, it has the lowest waiting time of all trafficg.10 o0.10 1.4 1.7 15 0.15 (0.15-0.16)
classes. We also see that even if class two and three haveothe 0.15 1.6 2.7 1.8 0.77 (0.75-0.79)
same priority parameter, class two traffic has a lower waitirfgl® 020 2.0 6.2 2.2 40 (3.8-4.2)

; ; L : ; 010 025 47 34 2.6 31 (30-33)
time resulting from the priority order in the prorating algob o1 20 61 oo 39 (3.7.4.1)
rithm. This confirms that the prorating algorithm is a key ;15 020 47 33 26 2 (2'9_32')

contributor to the performance of the priority system. Fi

nally, we see that the optimum operating point is, as in the _ , . .
two priority classes case, at — 1. At this point, the “aver- ing time of each traffic class in the non-priority algorithm
age” waiting time is at its lowest value to allow a better comparison of the results between the non-

priority and priority algorithms. For each traffic scenario,
we have also determined the average waiting time improve-
ment for high priority (traffic class one) packets. By feed-

The priority pseudo-Bayesian algorithms have been derivily) Self-similar traffic to the system based on Poisson traf-
with the fundamental Poisson traffic assumption. Howevdic @SSUmptions, it is not guaranteed that the system will be

it has been observed that real data traffic does not beh&y@P!€ or that it will achieve maximum throughput. How-

like a Poisson process; instead it exhibits long-range dep&?(—e_r’ no u_nstabll;a goqdltlon;_werﬁ obsherved }‘romﬁ_the sim-
dence and self-similar characteristics [8]. In order to v llations with sell-similar traffic when the total trallic was

idate the pseudo-Bayesian algorithms for utilization in t gt below tﬁ‘f maxmumthr_oughputfor Poisson traffic .(|..e.,
Ai < €77). Although this does not guarantee stability,

“real world”, we must submit them to non-Poisson traffic tg—i=1

observe their robustness. Thus, we have run simuIations'to(?_?rg?nitrateS the rr(])bustness of thg algonthm. Its obtained
the pseudo-Bayesian algorithms with an asymptotically sep— avle presentst € average waiting time resu _ts_ 0 tglne
or traffic class one with the framed system. Waiting time

similar process for data packet arrivals. ) . . d ! )
It has been shown that multiplexing constant-rate da provement results are given with their 90% confidence in-

streams, that have a Poisson arrival process and a he&%r/\_/al for 400 simulation runs. Results for the non-priority
tailed distributed stream lifetime with infinite variance, reP eudo-Bayesian algorithm with Poisson traffic are also pre-

sults in an overall data traffic flow which packet arriva?emed for comparison. From these results, it is evident that

process is asymptotically self-similar [14]. It can be show e(|e |sta ?f_egradanon ogt?e tarl]verage wa|t|ng_';|_me ;’.\"th Set:f'
that the following probability density function satisfies th imriar traffic, compared lo the average waiing ime ob-

property of a heavy-tailed distribution with infinite variance.ameqI V\."th P0|§sqn traffic. However, this 1S expecte_d since
Self-similar traffic is more bursty than Poisson traffic, and

4 thus, some packets can experience very long delays. Never-

= = >
pIX =] x(x+1D(x+2) forx>1 (15 theless, the results show that the priority algorithm performs

For comparison, the proposed algorithms are simulat&’tﬁ" compared to the _no_n—priority algorithm. Furthermore,
with self-similar traffic sources which overall data flowg’ €" the overall traffic is close to saturating the channel,

have the same arrival rates as the respective Poisson Sou’l&:g%{:llver?gel Wa'ltm_g t_llmet Oft;h? hig dh—p{lorlty traffic :e(rjnfun;
To generate a self-similar traffic flow with an arrival rate a0 € at a level simiiar fo that under less congested traftic

of 4; (packets per slot) for priority clagswe generate mul- conditions. Similar results have been obtained for the slot-
l

tiple data streams of priority clagswhich arrival process :)efdaﬁﬁfr;‘my;:fng ISepfg?rggzsgg:eat(r)nggisvev?éériJrisbu(alts
is Poisson with intensity.{, such that\{ E[X] = A;, and P

X is distributed according to equation (15). Then each d [Iitrafflc scenarios for both the slotted and framed systems

stream generates one packet of priority clager slot (per interested rea_ders are referred to [4])_, it. is notable that in
frame for the framed algorithm) for a random period of timeaII cases considered, our _proposed prlorlt)_/ schgmg always
i.e., the stream lifetime, drawn from the probability distribu'—.hmroves the average waiting time for the high priority traf-
tion given by equation (15). The data packets from the mul®
tiple data streams are combined into one data flow, which
has an ove_raII packe_t arrival rate)_qf.. . 5. Conclusion

The basic (non-priority) and priority pseudo-Bayesian al-
gorithms have been simulated with the same traffic scenér-this paper we have presented a new pseudo-Bayesian

ios. We have also computed separately the average wait-OHA algorithm with priorities. We have shown by our

4.2. Self-similar traffic
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simulation results that our algorithm provides a significants]
delay improvement for high-priority packets with both Pois-
son and self-similar traffic characteristics, while low-priority
packets only experience a slight performance degradatiom
The main advantages of the proposed scheme over previ-
ously known priority protocols are its simplicity and its [8]
adaptability to the frame structure widely used for wireless
ATM. The proposed priority protocol can be used in any situ—[g]
ation where multiple traffic streams with different quality of
service requirements contend for the same multiple access
channel. [10]

Our framed priority protocol is well suited for applica-
tion in reservation MAC protocols where a certain number
of slots per frame are used for control traffic contention. The
traffic in these slots, consisting of packets for reservation at
the beginning of a voice talk spurt or data burst, requegtd]
for new connection admission, handoff requests, etc., can
be well approximated as Poisson. Our priority protocol i,
be used to implement access priorities among these differ-
ent control traffic types, since the contention delay is an
important factor in the overall performance of these MAC
protocols with respect to specific traffic classes. For ekl
ample, in [4,5], we have proposed a wireless ATM MAC
protocol where the control slots access is managed by the
framed pseudo-Bayesian priority algorithm, and presentgd]
simulation results which show that the quality-of-service of-
fered to voice connections is significantly improved and t(I;[th]
overall throughput for the integrated voice and data system
is enhanced. Thus, we believe that the proposed pseudo-
Bayesian protocol with mixed priorities could be an impor-
tant element of any efficient MAC protocol for multimedid6]
wireless ATM. 17]

Finally, it would be interesting to extend the analysis pré—
sented in section 2 to the CSMA and CSMA/CD protocols
in order to obtain higher throughput. Furthermore, for the
case where the control packets in a reservation protocol can
be sent during the uplink control period in a slotted channel
with carrier-sensing capability, the overall performance of
the protocol could be significantly improved by using CSMA
or CSMA/CD in combination with our pseudo-Bayesian pri-
ority algorithm.
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