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. SOME SATELLITE SIMULATION RESULTS

I. INTRODUCTION

In this note we report some simulation results for the slotted
ALOHA satellite channel with a large number of small users (Medel I
in ASS Note 39) and the FCFS reservation scheme (see ASS Note 38 by
L.G. Roberts). The simulation models are based upon the following
assumptions: : : ' '

(1) no random noise errors (the satellite channel has perfect
' 1nformat10n feedback) ;

_(2} -new messages are generated 1ndependent1y from Poisson
distribution(s);

(3) all ground stations have the S ame round trlp propagation
‘delay R.

Note that in assumption (2), only the newly generated packets are
derived independently from a Poisson distribution; any collisions,
random retransmissions and queueing are accounted for in the simulations.

Message delays are obtained by time-stamping messages at the time of
their creation.

in general, pur simulation results indicate the following:

{1) Under "stable'" conditions experimental results agree very
well with analytic results (in ASS Notes 38 and 39) thus
lending validity to approximations and assumptions made
in the mathematical derivations. '

(2) The slotted ALOHA channel with a large number of small

' users can become unstable even though the input rate to
such a channel is significantly below 1/e. The FCES
reservation scheme depends upon using a fraction of the
satellite channel in the ALOHA mode for making reservations
and thus is subject to the same effects of instability.
Some simple scheme is necessary to monitor the channel

traffic and apply controls whenever unstable conditions
are detected.

We are currently studying the dynamic behavior of the slotted
ALOHA channel and will report our findings in a future note.
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The Slotted ALOHA Simulations

" A start-up period of a few hundred slots is allowed {depending
on individual runs) before statistics are gathered To compute the average
values for throughput rate S, traffic rate G, traffic distribution and average
packet delay D. 1In addltlon to the above long-term average values,
average values for the corresponding variables are also computed for
all consecutive periods of 200 slots. These will be referred to as the
short-term averages and they portray the approximate dynamic behavior
of the channel., If during a run, all the short-term average values for
the traffic rate are below 1, such a run is designated to be a "stable™ run.*

U"Stable'" runs

In Figures 1 and 2 we plot simulation data for "stable' runs
together with analytic results for $, G and D. Note the excellent
agreement between analytic results and simulation data in almost all
cases. In Figures 3-4, we show the comparisons between the probability
density function for traffic arrivals obtained by simulation (from
stable" runs) and the Poisson density with the same average rate. Recall
in ASS Note 17, it was shown that as K»w the traffic arrivals are Poisson
distributed. Note in the figures that for K=15, the agreement is very

- good; even for K=5, the traffic density still approximates a P01sson

density very well.

"nstable" runs

In Figures 5—10, we show situations when during the runtime of a
~simulation the ALOHA channel becomes unstable (i.e. the average channel

traffic rate increases as the throughput rate 'decreases). 1In Fig. 5,

we see that for K=5, the channel traffic rate quickly diverges despite
the fact that the input rate = 0.325 and is less than the theoretical
maximum of 0.347 corresponding to G=1 (see Fig. 1). In Fig. 6 we see
that increasing K to 7 enables the channel to accommodate the input

rate of 0,325, The channel becomes unstable temporarily but regains
stability without any external:controls. Similar situations are shown

in Figures 7 and 8 for a channel input rate of 0.35 and values of K equal
to 15 and 40. In Fig. 9, we see that with K=2, the channel becomes
unstable for an input rate as low as 0.25.- Referring to Fig. 1, for K=2
the channel has a theoretical maximum throughput rate S =0,295. In Fig. 10,
we see that if the input rate is reduced to 0.2, the channel traffic

does not diverge. Thus the maximum input rate an ALOHA channel can
accommodate is considerably less than MAX(K] obtained by having the
channel traffic rate G=1. ‘

* The same run can still become unstable if the runtime 1is increased.
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ITI. FCFS Reservation Simulations

Program features and assumptions

The scheduling algorithm used in this simulaticn is the same
as outlined by‘L. G. Roberts in ASS Note 38 with minor differences.
The channel is slotted such that for every M slots used for reserved
data there is ome slot for ALOHA traffic (including reservation requests).
Each such ALOHA slot is further divided into V small slots. When there
is no reserved data, the channel-is switched into the ALOHA mode in
which all the slots are used for ALOHA traffic. As soon as a reservation
request was successful and the corresponding data packets are ready to
transmit, the channel is switched back into the MIXED mode with only
1 ALOHA slot (containing V small slots) for every M data slots. Such
a scheme is particularly useful when the 1nput data contain a lot of
multipacket messages. .

In the simulations, we shall assume the following:

(1) number of ground stations = 10;
(2) roundtrip propagation delay R = 10;

{(3) input . data arrive at o messages/slot and consist of equal
nunber of single packet and 8-packet messages such that
the average message length = 4.5 packets and the average
data input rate S = 4.50 packets/slot;

(4} V = 6.

The simulation program can accept message length dlstrlbutlons other ~
than the one in (3) above. The above assumptions are made to coincide
with Roberts' so that we can compare the simulation results here with his.
analytic results. To specify the simulation completely, we need the
follow1ng further assumptlons ‘

(5) message arrivals generated in. the same slot for a given
station are lumped together as a single message;

(6) the random retransmission interval K in the ALOHA channel
is assumed to be equal to V=6 so that every blocked ALOHA
packet will randomize its retransmission over all the
small slots in a single ALOHA slot (this assumption was
made for the ease of programming and has been generalized
in the simulation program to allow K to be-multiples of V};

(7) mnewly generated ALOHA packets will alsoc randomize their
transmissions over all the small slots within an ALOHA slot
rather than transmitting in the first available swall siot.

In all of our simulations, the ALOHA traffic in the channel
consists of only the reservation requests, . In this case, the channel
performance is expected to be slightly better than Roberts' analytic
results since he included in the ALOHA traffic acknowledgement messages.
The simulation program does not provide for the generation of acknowledgement
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messages,  However, it does provide for the-generatibn of arbitrary
ALOHA packets at some specified Poisson rate to use the ALOHA portion of
the channel in addition to the reservation request packets. :

Comparlson of analytic and’ similation results

In Fig. 11, we show the tradeoffs between throughput and delay
for the FCFS reservation scheme with M=5. Elblock delay}] is the average
message delay for both single and eight-packet messages: It includes
both the ALCHA delay for the reservation request. packet and the queueing
delay in waiting for the reserved data slots. The analytic results for
this tradeoff are taken from Fig. 2. in ASS Note 38. We see that the
analytic and simulation results agree quite well. The simulation results

give a slightly better channel performance than the analytic results
" because the simulations did not include the use of the ALOHA portion of
the channel by acknowledgement packets. Hence the ALOHA packet delays are
smaller because of the lower utilization. When the data input rate S

is small, the difference in the two curves is megligible since the ALOHA
poertion of the channel is lightly utilized in both cases. In Fig.
‘we show the average throughput rate, traffic rate and packet delay for
the ALOHA portion of the chamnel as a function of the data rate S.

Delay and stability considerations in detérmining M

What fraction f of the satellite channel is for the use of
ALOHA traffic? The answer is f = 1-S where 5 is. the input data rate,
Thus £ is not a function of M! If given S8, our main concern is the
average message delay, it seems to suggest the use of as large a value
of M as possible since the ALOHA utilization does not depend on M
whereas the FCFS gueueing delay decreases as M increases. However,
although the ALOHA utilization is independent of M, increase in the value
of M gives rise to the following limitations. If we telescope our
attention only on the ALOHA slots, the variance of the input process
of the ALOHA channel increases as M increases. As a result the average.
ALCHA packet delay increases due to the larger variance. In addition,
the variance of the traffic in the ALOHA channel is directly proportional
‘to the variance of the input. As the variance of the traffic increases,
the ALOHA channel becomes less stable! Since a stable ALOHA channel is
necessary for acceptable reservation delays, too large a value of M
cannot be used.

In Figs. 13 and 14, we show the channel performance for values
‘of M other than 5. From the simulation data M=7 gives the best perfor-
mance. - In Figs., 15 and 16 we show situations when the ALOHA channel
under a high data input rate becomes "unstable' for Values of M equal
to 7 and 10,
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Further comnments

Operating policies

The operation of a slotted satellite channel -in both the ALCHA
mode and the FCFS reservation mode requires constant monltorlng of the ALOHA
channel traffic and the use of external controls {or built-in local SIMP
policies) to reduce the channel input data rate and/or increase the
random retransmission interval K to offset fluctuations in the channel

traffic. From the simulation results, a minimum operating value for K is about

i5. ©  (Note im Fig. 2 that the delay curve'correspondihg to K=15 is
quite near the optimum). At the same time, the average channel traffic
rate G should be kept below 0.7.

An estimate for G

An estimate for G can be obtained by counting the number of

-empty slots in the ALOHA.channel during an appropriate interval. The

fraction of empty slots f e=G (see Figs. 3 and 4). Hence the
estimate is

G = -1n(f0)

“Final remarks

Both simulation programs are written in PL/I. Typical runs on
the UCLA-CCN IBM 360/91 require approximately 3 CPU seconds execution time

- each for 10,000 slots of the FCFS reservation simulation and 4000 slots

of the slotted ALOHA simulation.
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Fig 5 Dynamic-Behavior of-a-Slotted-ALOHA-Chammel
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Fig,.6  Dynamic Behavior of a Slotted ALOHA Channel
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Fig. 10 ° Dynamic Behavior of a Slotted ALCHA Channel
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Pig. 15  FCFS Reservationi
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Fig. 16 FCFS Reservation: Unstable ALOHA Channel

M= 10 '

Total channel input data rate = 0,75 packets/slot

Round trip prepagation delay R = 10 slots

K=2¢6 '

V=256 _ -

No. of ground stations = 10 -

Period of short-term statistics = 200

SHORT-TERM STATISTICS FOR PERIODS OF 200 SLOTS BEFORE SIMULATION BLOWS UP:
Sk AVERAGE DEVAYS BETWEEN Sl OTS.  7A3K _AND .. ZB3R

AVERAGE REGERVATION DELAY 195 23,129

TETAL RESERVATION DELAY IS TT74000

NUMBER OF RESERVATION SAMP_ES THIS TIME PERICD IS 314000
AVERAGE ELOCK DELAY IS 414222

TOTAL BLDCK DELAY IS ~1113.,CG0

NUMBER OF BLJCK SAMPTES THLS TINE PERIOD 15 274000
AVERAGE Al A UTILIZATION IS CoCAB

A LiHA FTEAFFIC aAVERLMGE 1S T (M 5165

DATA 10 TOTAL SLOTS RATIO 15 TaS63
Wk AVEFAGE DFLAYS BETWEEN SILOFS 7R32 ANOD  ROS3G
. AVERAGE RESERVATION DZlLAY 13 22515
TOTAL RESERVATION DELAY IS5 IG73.000
NOMEER OF FESERVATTON SAMPLES THIS TiMiz PCREOD IS 33.0CGC
AVERAGE BLIOCK DELAY I3 574824
TOTAL BLOCK DELAY 15 1956, 0C0 :
NUMBER OF BLJCK SAMPLES THIS TIME PERIOD IS : 34000
A ENAEGE AL JHA UT L TZAT TN 19 a1 77 .
Al DYHA TRATFIC AVERAGE 15 g 2]
DATA TO TOTAL SLOTS RATIO IS 0850
TEE AVERAE DELAYS FETSAFEMNM S OTS -#ACan AND 232408
AVERAGE RESERVATION DELAY IS 3lab9d
TOGTAL RESERVATION DELAaY 1S 7290080 '
NUMBER OF RISERYVATION SAMPLES THIS TIME PERIOD 15 23,000
AVERAGE BLITK DELAY 15 ST
TOTAL BLOCK DELAY 1S5 1642 G0 , '
NUMBER OF BLICK SAMPLES THIS TIME PFRIDD IS 28000
AVERAGE ALJHA UTTLIZATION 1S 2 166
T AL A T AR EIC AVERAGE 1S ﬂ=703
DATA 1O TOTAL SLOTS RATIO IS CaT715
sdok AVERAGE DELAYS HETWEEN SLOTS 8241 AND 8441
BYERAGE REGERVATION DELAY 1S 1'1% ev)
TOTAL RESERVATION DELAY IS 228.0G3
CNUMBER OF RISERVATION SAMPLES THIS TIME DERIDD 1s 20.000
AVERAGE BLOCZK DELAY IS5 F32e211
TOTAC BCOCK TWELTAY ™IS BT s oy
NUMBER DF BLICK SAMPLES THIS TIME PERIOD IS 19.000
AVERAGE ALDOHA UTI1 JZATION IS Ca037 .
Al A TRAFEIC AVMERAGE 183 1,259
DATA TUTOTAL SLCTS RATIO IS Je 555 )
sk AVERAGE NELAYS AETWEEM _SI DTS #4422 AND. 83842
AVERAWGE RESERVATION DZLAY 15 18e 36T
TOTHEC - RESERVATTON TTEDAY TS A8 W IS SRR -
NUMEER 0OF RESERVATION SAMPLES THIS TIME PERIOD IS 2%. 000
AVERAGE BLICK DELAY IS 220042 -
TOTAL BLOCK DELAY IS TEQGOD
NUMBER OF BLICK SAMPLES THIS TIME PERIOD IS 24,000
AVERAGE ALCOHA UTIL I1Z6TION 1S Da {138
ALUMA TRAFCTIC AVEPRPAGE 185 1578
OATA TO TOTAL SLITS RATIO IS Caet50
STATISTICS FOR THE WHOLE RUN:
®wx TOTAL DI AYS BETWESTN St 1TSS noOAND RTOL
A VERAGE FESLERVATLON DELAY 1S St e FBU
TOTAL RESERVATION DELAY IS 2998 .000 .
NUMBER OF RESERIVATION SAMPLFS THIS TIME PERIQD IS 1361000
AVERAGE RL2CK DELAY IS 4G . 568 :
TP AL T BLGCK T ODECAY TS T e 7RI 0T
MUMBESR OF BLIZK SAMFLIS THIS TIME PERIOD 15 1389.000
AVERAGE ALSIHA UTIL T ZATION_15 ARy
Al TRAFFLC AVEWAGE 195 ~ e DRT

TTTTRATA TN TOTALTSLATS IAT IO e T T D AR




