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Abstract

The dynamic behavior and stability of packet switching in a random multi-access

broadcast data communication channel is considered.

We give quantitative esti-

mates for the relative stability of these channels and discuss the tradeoff among

channel stability, delay and throughput.
for channel control procedures.

1. INTRODUCTION

Random multi-access broadcast channels have been
studied in the past [1,2,3,4,5]. (Such channels

are also referred to as ALOHA channels.) These pre-
vious studies obtained steady state performance re-
sults for throughput and/or delay under the assump-
tion of equilibrium conditions. Often this assump-
tion is not satisfied,in which case the aforemen-
tioned performance applies only for a (possibly
small) interval of time. In this paper we investi-
gate the effect of this phenomenon.

2. THE MODEL

2.1 MODEL DESCRIPTION

The broadcast channel is assumed to support a large
number (Nm) of active terminals. Each terminal

has buffer space for exactly one (fixed length) mes-
sage packet. All terminals are assumed to synchro-
nize their packet transmissions into fixed channel
time slots. Throughout this paper, time is ex-
pressed in units of channel slots. Only when the
terminal buffer is empty, may a new message packet
be generated (by the terminal's external source)
and this will occur with probability o in a slot.
When simultaneous independent packet transmissions
are attempted by more than one terminal, these
packets "destroy" each other and must be retrans-
mitted at a later time [4]. _Such packets are said
to be backlogged. We let N~ be a random variable
representing the total number of backlogged packets

in the channel and St be the combined input rate
of packets into all terminals at time t. The vec-

tor (Nt,St) is defined to be the channel state
For Nt = n,
(Nt,St) = (n,(Nm - n)o). Note that the channel in-

vector or channel load at time t.

put rate St decreases linearly as Nt increases.

In slotted satellite channels (see [4]) packets

These considerations indicate the need

which "collide" at the channel are retransmitted
(after a round-trip propagation delay of R slots)
during one of the next K slots, each such being
chosen at random with probability 1/K. Thus re-
transmission takes place on the average R + (K+#1)/2
slots after the previous transmission. This retrans-
mission scheme is difficult to analyze and so we
assume the simpler scheme** whereby every backlogged
packet independently retransmits with probability p.
This is an excellent approximation for the slotted
satellite channel above as shown by simulations for
moderate to large K when we choose

- 1
P= x> X+ 0)/2

As in [4] we assume R = 12 and we express our
numerical results in terms of K (using Eq. (1))
rather than p.

N

2.2 CHANNEL THROUGHPUT

We define Sout

put) rate of the channel, which is the probability
of exactly one (successful) packet transmission in a

channel slot. For the model above, if (Nt,St) =

to be the delivered output (through-

(n,(Nm - n)o) then
n Nm-n-l
Sout = (1 -p) (Nm - n)o(l - g)
n-1 N,n
+np(l - p)” " - 0) (2)
In the 1limit when Nm + o and 0 + 0 (such that

S < ») we have the infinite population model

NHP =
in which new packets are generated for transmission
over the broadcast channel at the constant Poisson
rate S. In this case Eq. (2) reduces to

)n-le—S

-S
Sgue = (1 - P)'Se™ + mp(1 - p 3)
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*This research was supported by the Advanced Research Projects Agencybof the
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**This is a realizable scheme in radio channels with negligible propagation delays.
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