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ABSTRACT

Thi s paper provides a characterization of certain aspects of
PACSAT-1 downlink traffic obtained by nonitoring and rocessin%
the downlink data stream Anong the aspects presenteé)are: e
proportions of the three major traffic types--broadcasting, file
server, and telenetry; the interarrival times of successful file
server connections; the service times for file server trans-
actions; the AX 25 data-link |evel response tinmes for file server
transactions; and the downlink byte counts for file server
transacti ons. Even though the nonitoring operation is subject to
various factors affecting the received block and bit error rates,
the data presented here should be good approximtion of the
parameters of the PACSAT-1 conmuni cations system

I NTRODUCTI ON

Bet ween January, 1991 and July, 1991, a total of six
downlink data sanples were collected--four from PACSAT-1 and. two
from UoSAT-3. These are sunmarized in Table 1. This paper is
concerned only with sanple nos. |1 (D), 2, and 3 which represent
the data collected using a beam antenna (KLM 18C) and computer-
controll ed tracking. PACSAT-1 sanple nos. 1(0) and 4 were
col l ected using an omi-directional antenna (Cushcraft
AFM 44DA) . Details of the analysis of the PACSAT-1 omi -
directional antenna sanples and the UoSAT-3 sanples will be
published at a | ater date.

The "Percent of Capacity" colum in Table 1 gives an
estimate of the data captured assum ng that the downlink was busy
for the entire time the satellite was in view of the nonitoring
station. For PACSAT-1 the downlink is busy al nost 100 percent of
the time when its footprint is over the continental U S Even on
an individual pass it is hard to account for nore than about 90
percent of the downlink tine. This is due to periodic pauses in
downlink data transm ssion and bit errors in received franes
caused by propagation anonalies and ground station |ocal noise
condi ti ons.

DOWNLINK TRAFFIC MIX

Table 2 gives the frame and byte counts for each of the
three primary traffic types--broadcast (QST), file server (BBS or
FTLO), and telenetry (TLM. Di gi peating constituted such a snal
part of the downlink traffic that it has been ignored in this
anal ysi s. The percentages are of the total byte count for the
sanpl e. Because the percentages in each category are relatively
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Tabl el
PACSAT-1 AND UoSAT-3 DOWNLINK DATA SAMPLE SUMVARY

Downlink Per cent
Sanple Satellite Ti me Orbit Ti me Byt e of

No. Name Peri od Count HH. MM SS  Count Capacity
(T 52 09:49:59 3.6 Mb 68.1
1(0) PACSAT-1 01/01 - 01/20 28 05:06:43 1.5 Mb  52.5
1(D) 24 04:43:16 2.1 Mb  04.9
2 PACSAT-1 02/01 - 02/28 48  09:40:47 4.4 Mb  83.4
3 PACSAT-1 03/17 - 05/29 32 06:41:28 3.2 Mb  87.7
4 PACSAT-1 03/23 - 06/14 32 06:37:14 1.5 Mb  42.7
5 UoSAT- 3 03/04 - 04/29 27 05:19:06 12.7 Mb 55.2
6 UoSAT-3  05/05 - 07/14 29 06:05:41 7.6 Mb  28.9

uniform it would be interesting to further subdivide the traffic
into a few nore categories. For exanple, daytine versus evening
and weekday versus weekend.

Tabl e 2
PACSAT- 1 DOWNLINK TRAFFIC M X
Sampl e No. 1(D) Sanple No. 2 Sanple No. 3
QST
Frames 6,272 12,081 11, 860
Byt es 981, 891 1,915,835 1,630,643
Per cent 45 44 51
BBS
Frames 9, 706 19, 226 10, 281
Byt es 1,062,230 2,150,138 1,353,752
Per cent 49 49 43
LM
Franes 1,409 3, 261 2,211
Byt es 120, 108 293, 132 184, 259
Per cent 6 7 6
TOTAL
Frames 17, 387 34,568 24, 352
Byt es 2,164,229 4,359,105 3,168,924

e

FI LE SERVER CONNECTION INTERARRIVAL T| MES AND SERVI CE Tl MES

File server connection interarrival tine and service time
statistics are given in this section. For these and the other
measur enents described later, the sanple nmean and standard
deviation were conputed and an enpirical cumulative density
function (CDF) was plotted. Then, depending on the val ues of
the nean and standard deviation and the shape of the CDF, a Chi-
Square test for goodness of fit of the data with a hypothesized
distribution was made. Usually the sanple data was tested for
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either an exponential or normal distribution with paraneters
estimated from the sanple being tested.

For the data presented here, all of the Chi-Square tests
resulted in rejection of H, that the sanple data fit the
di stribution of interest. However, for sone of the cases,, the
resulting Chi-Square statistic was very near the critical value.
Consequently, the Chi-Square statistic closest to the critical
value is reported in each case along wwth the type of test being
per f or med. If "E"™ appears in the "x? Stat" columm, the val ue
given resulted from a test for an exponential distribution. An
"N" neans that the test was for a normal distribution. FOr easy
reference, the following critical values are included: %%.01,5 =
20 .1 and X%.0s5,s = 15.5 for the exponential test and x%.,;,7 = 18.5
and %% s, = 14.1 for the normal test. Qther values may be found
in any text on statistics or sinulation.

S Ul C ival T

The time between successful file server connections was

determ ned by neasuring the tinme between state changes in the
BBSTAT nessage. These neasurenments are subject to any tine

del ays occurring between the actual AX 25 connection and @ the tine
of appearance of the BBSTAT nessage on the downli nk. Mor eover,

the nonitoring station could mss a BBSTAT frame. Table 3 gives
a sunmary of the neans and standard deviations fcr successful

connection interarrival tinmes. Figure 1 shows the exponenti al
distribution of interarrival tinmes from sanple no. 3

——_

Table 3

SUVWVMARY OF SUCCESSFUL CONNECTI ON
INTERARRIVAL TIME ANALYSI S

Sanpl e Nunber of Mean Std Dev x? Stat

No. (bservations  (Seconds) (Seconds) and Test
1(D) 299 61 45 53.1 E
2 682 54 45 81.7 E
3 477 55 49 44 .2 E

”

il : : ,

When the downlink AX 25 frane sequence indicated th
start of a new file server connection, the tine mainote _Arter
that, the arrival tinme of each frame was | ogged. en the frame

sequence indicated that the connection had termnated, the
starting time of the connection Was subtracted from the Iast

frame time giving the service time for the transaction. In cases
where LGS occurred before the connection term nated, the service
time was conputed based on the tine Of the last received frane.
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Pobability That Interarrival Time is <= Abscissa)l

Interarrival Time i n Seconds

Figure 1. Enpirical CDF for FTLO successful connect interarrival tines
constructed from PACSAT-1 data sanple no. 3. ¥ = 55, s = 49,

However, only connections that started while the satellite was in
view of the nmonitoring station were counted.

A summary of the transaction service tine statistics can be
found in Table 4. A representative enpirical CDF for sanple no.
3 is shown in Figure 2

Table 4
SUMVARY OF FTLO TRANSACTI ON SERVI CE TI ME ANALYSI S
Sanpl e Nunber of St andard x? Stat
No. Observati ons Mean Devi ation and Test
1(D) 228 128 104 22.8 E
2 472 115 90 42.6 E
3 330 108 95 35.2 E

AX. 25 DATA- LI NK LEVEL STATI STICS FOR FI LE SERVER CONNECTI ONS

Two data-link |evel statistics were conmputed for_ file server
connections--the re3ﬁonse time and the byte count. For an indi-
vidual connection, the response time is the average tine between
AX. 25 frames associated with the client/server connection. Note
that this does not necessarily correspond to what the user may
?ercelve as response tine since there may be nore than one data-

ink | evel exchange before there is any noticeable "response"
observed by the ground station operator. This is particularly
true when error-recovery procedures have been executed at the

data-1ink |evel.
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Sarvice Time in Seconds
Figure 2. Empirical CDF for FTLO transaction service tines constructed

from PACSAT-1 data sanple no. 3. § = 108, s = 95.

Probability That Service Time is <~ Abscissa

AX. 25 Response Tine Per Connection

The AX. 25 response time per connection is summarized in
Table 5. An enpirical CDF constructed by conbining all three
PACSAT- 1 data sanples appears in Figure 3. The CDF has the
general shape of a CDF for a nornmal distribution. The Ax. 25
response tine data was the only data exhibiting a nornal
di stribution. The nean value for response tinme given in Table 5
is the average of the individual connection averages. Recal |
that while any given connection is being neasured, the file
server could be servicing as nmany as three other clients and
telemetry and broadcast frames are al so being generated on the
downlink. A better response tinme neasurenent could be obtained
I f both uplink and downlink traffic could be nonitored at the
same tinme. However, due to the transaction-oriented operation oft
the client/server system there is no operator keyboard response

tine to be consi dered.

Table 5
Ax. 25 RESPONSE TI MES FOR FTLO CONNECTI ONS
MEASURED ON A PER- CONNECTI ON BASI S

Sanpl e Nunber of Standard %* Stat
No. Observati ons Mean Devi ati on and Test
1(D) 225 5.0 2.3 3.0 N
2 464 5.1 2.6 42.3 N
3 326 5.2 3.0 54.3 N
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FILO AX.25 Respopse Time in Seconds
Figure 3. Enpirical CDF for FTLO AX 25 response tines constructed by

conbining all PACSAT-1 data sanmples.

Probability That Response Time is <= Abscissa
P~

AX.25 Frane Bvte Counts Per Connection

Table 6contains a sunmary of the AX.25frane byte
counts for file server connections. The enpirical CDF for the
distribution of byte counts for all PACSAT-1 sanples conbined is
shown in Figure 4. Notice that the goodness-of-Tit tests of the
byte count data resulted in Chi-Square statistics closer to the
critical values when conpared to the results of the other tests.
Data frames for file server connections seen on the downlink are
primarily responses to directory and downl oad commands issued by
the client stations. Only connections where at |east 128hbytes
were sent to the client station were counted in these

nmeasur enent s.

Tabl e 6
BYTE COUNTS FOR FTLO OPERATI ONS
MEASURED ON A PER- CONNECTI ON BASI S

Sanpl e Nunber of St andard x? Stat
No. Observations Mean Devi ation and Test
1(D) 212 3,120 3,371 16.1 E
2 446 2,637 2,845 34.8 E
3 306 2,700 3,692 20.6 E
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FTLO Byte Count
Figure 4. Empirical CDF for FTLO transaction byte counts constructed by

combining all PACSAT-1 data samples.

SUMVARY

The statistics reported in this paper have been conpiled in
preparation for construction of a simulation nodel of comrunica-
tion systens simlar to those on PACSAT-1 and UoSAT- 3. The
information provides an operational characterization from the
vi ewpoi nt of a ground station user. Even though the nonitoring
process is subject to mssing data due to bit errors in received
frames, the data sanples are large enough and span a |ong enough

time period that they should fairly represent actual operating
condi tions. In order to mnimze the nunber of errors encoun-

tered, only data captured using conputer-pointed directiona
antenna systens have been used during the conpilation of the
precedi ng statistics.
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