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ABSTRACT 

During the last decade great attention is being 
given to the use of broadcast communication 
satellites for packet switching and a variety of 
satellite channel access algorithms for use in 
packet switched data networks have been designed. 
Before an access algorithm can be put into real 
operation, however, comprehensive studies must 
be done on the algorithm performance as function 
of the parameter values as well as different 
traffic patterns. 

A general discussion of satellite channel access 
algorithms is performed and a summary of exis
ting algorithms is given. The main topic of 
this paper is, however, to present results from 
a traffic study on the satellite channel access 
algorithm CPODA. Simulations and simple theo
retical considerations are used for studying the 
influence of the CPODA and system parameter 
values on the delay-throughput curves. The 
parameters involved are the framelength, the 
reservation subframe minimum, the packet length, 
the packet intensity, the number of ground sta
tions and the round trip time. The study is 
performed for noise-free, stationary conditions 
for a symmetrical loaded satellite network. 

1 INTRODUCTION 

As the terrestr ial packet switching netvlOrks 
developed in the late 60's grew bigger, both 
routing and delay problems arose. An increasing 
number of nodes give both increasing delay for 
the data and the routing packets and also in
creasing size of the routing tables. A broad
cast communication satellite network has no 
routing problems at all and can from a traffic 
point of view be more efficient than any terres
trial network if the additional delay introduced 
is accepted. A satellite network might act as a 
local network as well as a transit network 
between terrestrial networks. • 

The Packet Satellite Program (PSP) is a project 
that has the aim to develop, demonstrate and 
analyse architectures for packet switching via 
satellite. The participating organizations are 
Bolt Beranek and Newrnan Inc. (BBN), Communica
tions Satellite Corp. (COMSAT), LINKABIT Corp., 
M.I.T. Lincoln Lab.;and University of California 
at Los Angeles (UCLA) in the U.S., University 
College London (UCL) in U.K. and the Norwegian 
Defence Research Establishment (NDRE) in Norway. 
The project is jointly sponsored by the Defence 
Advanced Research Projects Agency (DARPA), the 
Defence Communications Agency (DCA), the British 
Post Office (BPO) and the Norwegian Telecommuni
cations Administration (NTA). 

The access algorithms developed within PSP have 
been implemented in the experimental packet 
satelli te network SATNET. SATNET cons.ists of 
three Simps (Satellite interface message proces
sors) that are connected to Inte1sat standard A 
ground stations. They communicate via a time
shared 64 kbit/s SPADE channel in an Intelsat IV 
A satellite in the Atlantic region. By help of 
ARPANET, that is connected to SATNET, traffic 
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measurements on the access algorithms may be 
performed. For details on SATNET and the mea
surement system is referred to [1], [2], [3]. 

The latest algorithm designed within PSP is 
CPODA (Contention Priority Oriented Demand 
Assignment) • The-main topIc of this paper is 
to present the results from a traffic study done 
on this algorithm within PSP. The study is 
based on a simulation program [4]. Some SATNET 
measurements were performed for a verification 
of the simulations. These are reported in [5]. 

GENERAL SYMBOL LIST 

VS 

N 

f 

m 

T 

x 

)..It 

Timeout 

Delay 

Holding
time 

Virtual Slot. Time unit equal to 
10.24 msec 

number of ground stations 

CPODA frame size (in VS) 

minimum reservation subfrarne size (in VS) 

round trip time (in VS) 

packet length including header and 
overhead (in VS) 

intensity of data packets (per VS) 

traffic carried on the satellite 
channel (throughput) 

intensity of Reqs (per VS) 

Req repetition factor 

reservation subframe fictious loading 

maximum intensity of data packets 
(per VS) 

A • x 
max 

the intensity that gives transition 
from state A to B 

the intensity that gives transition 
from state A to C 

the intensity that satisfies the 
S-ALOHA collapsing condition for the 
reservation sub frame 

the mean transit time (delay) (in sec) 

the time from a packet is sent till 
it is retransmitted 

the time from a packet is received 
from the terrestrial source till it 
should be delivered to the terrestrial 
sink 

the time from a packet should be 
delivered to the terrestrial sink 
till it is discarded 

2 SATELLITE CHANNEL ACCESS ALGORITHMS 

2.1 DEFINITIONS AND GENERAL TRAFFIC PROPERTIES 

A satellite network consisting of a number of 
ground stations that communicate via a satellite 
is considered. It is assumed that the informa-
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tion units on the satellite channel are packets. 
A packet consists of a header and a data part. 
The header contains control information, while 
the data part might be any kind of information 
transparent for the satellite network. The 
following types of control information are 
defined: 

Request (Req) A requirement for satel
lite channel capacity 
from the source ground 
station 

Acknowledgement (Ack): A confirmation from the 
destination ground sta
tion to the source . 
ground station about a 
successfully received 
packet 

The satellite channel access algorithms are 
often grouped as ~, random or demand assign
ment. In the pre assignment case, the assign
ment of the satellite channel capacity is fixed, 
while in the demand assignment case there is a 
dynamically assignment of the channel capacity 
as the demand arises at the different stations. 
In the random assignment case a ground station 
sends data when it has something to send. This 
scheme can lead to collisions and is only usable 
for a light traffic load on the satellite 
channel. 

A demand assignment algorithm can either be 
centralized or distributed. In the centralized 
case, there is one station taking decisions 
about the sharing of the channel. The stations 
report their demands for channel capacity to 
this station which takes decisions and infqrms 
the others about the channel capacity they have 
got. In the distributed case all the stations 
take the same decision about the sharing of the 
channel based on a common global information 
available for every station. This implies that 
information about the demand of every station 
must be broadcasted to everyone. 

Let us define: 

~t the mean transit time. Transit time is 
defined as the time from a packet · is 
received at the ground station from a 
terrestrial source and till the first 
bit of the packet is delivered to the 
terrestrial destination 

AC the traffic carried on the satellite 
channel 

T round trip time. The flying time up to 
the satellite and down again 

It is assumed that the satellite network acts as 
a delay system. To describe the p~rformance of 
a satellite channel access algorithm the depen
dence ~t = f(AC) is very often used. ~t is 
often denoted as "delay" and AC as "through-
put". The principal delay-throughput curves for 
a symmetrical loaded network are shown on Figure 
2.1. 
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Figure 2.1 Some prinCipal delay-throughput 
curves 

For the pre assignment case, two situations are 
considered. If the variance in the arrival pro
cess is very small, ~t will be approximately 
minimum up to a heavy traffic load. As the 
variance in the arrival process increases, how
ever, the transit time will increase. Two 
curves are indicated in the figure. The best 
one reflects an arrival process with a small 
variance, the worst one an arrival process with 
extremely high variance. The first case is 
denoted as a regular traffic situation, the last 
one as a bursty traffic situation. 

For the random access case there is an upper 
limit on the traffic carried. S-ALOHA, as will 
be presented later in this chapter, can carry a 
maximum traffic AC equal to lie. 

The main difference between the centralized and 
distributed demand assignment is that the cen
tralized algorithm requires one more T to inform 
the stations about their scheduling. For the 
cases shown in the figure, the total arrival 
process is assumed to be regular. This might, 
of course, not be the case, but an advantage 
with demand assignment (and also random assign
ment) is the traffic averaging property. Even 
if the individual stations are bursty, the total 
traffic process will show up with a small vari
ance if there are many stations. As shown in 
the figure, distributed schemes are superior to 
centralized schemes. This is, however, not 
always true. A distributed algorithm works on a 
common global information about the traffic 
demand of the different stations. Because of 
down-link noise, individual stations may loose 
some of this information and per forme scheduling 
different from the others. In such cases colli
sions might occure on the up-link, and the sta
tions must in some way get into the correct 
scheduling again. This problem is denoted as a 
reservation synchronization problem and is essen
tial for distributed demand assignment algo
rithms. 

2.2 A SUMMARY OF VARIOUS SATELLITE CHANNEL 
ACCESS ALGORITHMS 

This chapter gives a summary of some satellite 
channel access algorithms. All of them, except 
Roberts reservation algorithm, have been imple
mented in SATNET. Simulation and measurement 
results from traffic studies done at UCLA and 
ND.RE are found in [6], [7], [8], [9]. 

F-TDMA (Fixed Time Division Multiple Access) is 
a pre assignment algorithm. To operate this 
algorithm, a frame-structure must be defined. A 
possible frame. structure is shown on figure 
2.2.a. A frame consists of N slots. A slot is 
a time interval used for transmitting a packet 
from one station. The distribution of slots to 
the different stations within one frame can be 
done in any manner. The most reasonable manner, 
however, is a distribution according to the 
traffic demand of the different stations. In 
figure 2.2.a a symmetrical loaded satellite net
work is assumed, so that each station has one 
slot in every frame. The whole satellite net
work is assumed to consist of N ground stations. 

S-ALOHA (Slotted ALOHA) is a random access algo
rithm. A station will randomly choose a slot 
for sending. If a collision happens, the send
ing stations will retransmit .the packets. The 
upper limit for the utilization of the channel 
is lie. For higher traffic the system collapses, 
and nothing will get through [10]. Use of s
ALOHA requires control actions because there 
always are possibilities for the system to 
collapse, even if AC < lie. Possible control 
procedures might be found in [11], [12]. 
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Figure 2.2.a F-TDMA 
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Figure 2.2.b Roberts Reservation Algorithm 
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Figure 2.2.c R-TDMA 
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Figure 2.2.d CPODA/TPODA 

Roberts Reservation Algorithm is a distributed 
demand assignment algorithm. The frame struc
ture is shown ·in figure 2.2 .b. A frame consists 
of a data and a reservation subframe. The res
ervation subframe is used for transmitting Reqs 
and Acks in a S-ALOHA manner, and the data sub
frame for transmitting data packets. A slot in 
the data subframe is the maximum data packet 
size, while a slot in the reservation subframe 
is fitted to the length of Reqs and Acks. For 
further ' details see [13]. 

R~ (Reservation Time Division Multiple Access) 
rs-a-combination of F-TDMA and a distributed 
demand assignment algorithm. The frame structure 
is shown in figure 2.2.c. Both the data and 
reservation subframes are operated in a F-TD~~ 
manner. Each station has one slot in the reser
vation subframe permanently assigned for use 
when it has something to send. The idle station 
slots, however, are distributed to the different 
stations according to their outstanding reserva~ 
tions. All the stations sends their Reqs in the 
reservation subframe. As for Roberts Reserva
tion Algorithm there is a different kind of 
slotting in the data and reservation subframe. 
For details see [14]. 

CPODA (Contention Priority Oriented Demand 
Asslgnment) and TPODA (Time Division Priority 
Oriented Demand Assignment) are distributed 
demand assignment algorithms. The frame struc
ture is shown in figure 2.2.d. The main differ
ence from the other algorithms described con
cerning the frame structure is that there is no 
slotting in the data subframe so that variable 
length packets can be used. The difference 
between CPODA and TPODA is the use of the 
reservation subframe. In the CPODA protocol the 
reservation subframe is operated in a S-ALOHA 
manner, while in the TPODA protocol the 
reservation subframe is operated in a F-TD~~ 
manner. 

CPODA/TPODA permits sending of control data 
(Reqs and Acks) in the header of a data packet. 
This feature is denoted as "piggybacking". 

CPODA/TPODA are designed to handle both block 
and stream data. For block data one Req is sent 
for each packet. For streams one Req is sent for 
each stream. Subsequent packets are automati
cally scheduled at predetermined intervals thus 
experiencing substantially loT delay and not 
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2-T that in general is expected for distributed 
demand assignment algorithms. 

A design goal of CPODA/TPODA is to support data 
with different delay classes and priorities. 
wifh a delay class is associated a Delay and a 
Holdingtime. The Delay is the time from a 
packet is received from the terrestrial source 
and till it should be delivered to the terres
trial destination. The. Holdingtime is the time 
from it should be delivered at th~ terrestrial 
source and till it simply is discarded from the 
satellite network. When the packet is received 
from the terrestrial source a time TTG (time to 
go) = actual time + Delay is created. This 
time TTG follows the packet through all the 
queues it has to pass before it leaves the satel
lite network and is together with the priority 
of the packet used for queue-ordering. Descrip
tions of CPODA/TPODA are found in [1], [2], [15], 
[16], [17]. 

3 SOME DETAILS OF CPODA 

The following details refer to the current ver
sion of CPODA implemented in the SATNET Simps. 
The basic time units used are: 

GT (global time) 

VS (Virtual slot) 

This is the time used by all 
Simps to synchronize their 
activities. The time unit 
is 10**- 5 sec. 

This is a high-order part of 
a global time and is used 
for convenience_ The length 
of one VS is (2**10)· (10**-5) 
sec = 10.24 msec. 

Reqs and Acks can both be sent in the reserva
tion and data subframe packet header. A field 
in the headers named the ReqAck-field can carry 
an alternative number of Reqs and Acks. It con
sists of one or two Boxes and one Hole. In the 
Hole you always can put 1 Ack, in a Box you can 
put 1 Req or 1 or 2 Acks. A data packet header 
is 272 bits while a control packet header is 192 
bits. The transmission overhead is 463 bits per 
packet. The transmission overhead will be re
duced within 1979 due to new modems special de
signed for packet switching. The length of a 
reservation subframe slot is one VS. 

A simplified picture of the CPODA queueing struc
ture is shown in figure 3.1. This model is only 
valid for block traffic in the noise-free case. 
Each Simp contains the following queues: 

Localqueue: Reqs for the packets received from 
the terrestrial source and Reqs for packets to 
be retransmitted from the Retransmitqueue are 
placed in this queue. Also Reqs that have 
collided in the reservation subframe are again 
placed in the Localqueue. 

Centralqueue: Reqs received on the down-link are 
placed in this queue. The Centralqueue is a 
global queue and is in the noise-free case 
identical for all the Simps. 

Retransmitqueue: Copies of the packets sent are 
placed in this queue. If an Ack is not received 
within a time Timeout, the packet is removed from 
the Retransmitqueue and a Req for the packet is 
again placed in the Localqueue. 

Acksendqueue: Acks for correctly received 
packets to this Simp are placed in this queue. 
An Ack is discarded after a time Ackholdingtime 
after the packet was sent from the source Simp 
(Ackholdingtime = Timeout - T) • 

Ackreceivequeue: Correctly received Acks are 
placed in this queue. 

The following processes are used: 

Assign .: Performs the channel scheduling algo
rithm. It finds out when to send its own packets 
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and determines the content of the ReqAck-fields. 
It takes Reqs from the Centralqueue and gener
ates packets. It takes Reqs from the Localqueue 
and Acks from the Acksendqueue and generates 
ReqAck-fields. A copy of the packet is put into 
the Retransmitqueue. 

Figure 3.1 Simplified CPODA 
queueing structure 

Analyse: Analyses the packets received on the 
down-link. Correctly received Reqs are put into 
the Centralqueue, own collided Reqs into the 
Localqueue. Correctly received packets are sent 
to the terrestrial source, Acks for the correctly 
received packets and Acks for collided own Acks 
are put into the Acksendqueue and correctly 
received Acks into the Ackreceivequeue. 

Retransmit: Takes an Ack from the Ackreceive
queue and iearches through the Retransmitqueue 
for the corresponding packet. If it is there, 
the copy is discar:ded. It also searches through 
the Retransmitqueue and put Reqs for timed out 
packets into the Localqu"eue. 

In ch 2 the queueordering quantity TTG was de
fined. The Localqueue and Centralqueue are 
ordered after this quantity. The Acksendqueue 
is ordered after TTS (time to send) = actual 
time + Ackholdingtime. 

The reservation subframe varies from a minimum 
"m" (in VS) to a maximum defined as the CPODA 
frame length "f" (in VS). The reservation sub
frame is opened if the Centralqueue is empty or 
if the remaining part of the frame considered 
(f-m) is too short to carry the packet corre
sponding to the first Req in the Centralqueue. 

Every Simp can send one control packet in the 
reservation subframe. If it has something to 
send it chooses randomly one of the slots equal 
to one VS in the subframe. When the reservation 
subframe is opened a quantity Mymint is found. 

Mymint i 
Let 

if this Simp has nothing in the 
Centralqueue. 

TTG of the first Req belonging to this 
Simp otherwise. 

Tl - TTG of the first Req in the Localqueue 

T2 - TTS of the first Ack in the Acksendqueue 

A control packet is sent if there are Reqs in 
the Localqueue and (Mymint + T» Tl or 

there are Acks in the Acksendqueue and (Mymint 
- T» T 2 • 

A Box is filled after the principle that the 
most urgent of the first Ack in the Acksendqueue 
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and the first Req in the Localqueue goe~ first. 
A Req is more urgent than an Ack if Tl -2 oT< T2 . 

4 A PERFORMANCE EVALUATION 

4.1 INTRODUCTION 

The performance measures for CPODA can in 
general be listed as 

o the utilization of the satellite channel 

o the distribution of trans}t times for the 
different traffic types, ~elay classes and 
priorities 

o the fairness with respect to the different 
ground stations 

o the robustness in noisy environments 

o the Simp processing power and storage 
requirements. 

In this paper only the delay-throughput curves 
are considered and only for block traffic with 
one delay class and one priority and fixed length 
under noise-free and stationary conditions. The 
satellite network is further symmetrical loaded 
and there is no processing power and storage 
limitations in the ground stations. 

Timeout is set to infinite. That means that a 
Req is urgent compared to an Ack, so that Acks 
never go before a Req in a Box in the ReqAck
field in the packet header. This reservation 
scheme minimizes the transit time. 

Holdingtime is set to infinite. That means that 
a packet never is discarded in the satellite net
work that acts as a pure waiting system. 

The measures to be used for throughput is 

AT - the total intensity of data packets on 
the channel (packets per VS) 

AC - the total data packet traffic carried on 
the channel (AC = AT ox) . 

x is the overall mean data packet length. Both 
overhead and packet header are included. The 
delay-throughput curves are influenced by the 
system parameter values chosen. CPODA takes 
different states dependent on the system para
meter values used for a given throughput. 
Ch 4.2 discusses these system states, ch 4.3 
gives some equations that are useful for deter
mining the type of delay-throughput curve that 
is expected and ch 4.4 shows some examples. 
Ch 4.5 and 4.6 concern the influence of the 
framelength and the reservation subframe minimum 
on the most preferable type of delay-throughput 
curves. 

4.2 CPODA SYSTEM STATES 

Let 

TIT - the total intensity of Reqs on the 
satellite channel 

The request repetition factor SR is defined as 
the relation between the total number of Reqs and 
the total number of data packets 

TIT 
S =

R AT 

The reservation system will operate as a S-ALOHA 
protocol in the lower area of the AT-axis. From 
[10] we have that S-ALOHA is unstable if AT~ lie. 
This is valid if the number of sources are infi
nite and the collided packets are retransmitted 
uniformly distributed among an infinite number 
of slots. If these assumptions are not satis
fied, S-ALOHA will be unstable for lower traffic. 
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When AT is very small, all the Reqs will use the 
reservation subframe. Let this state be denoted 
as the: 

- stable contention state, from now on called 
state A. 

As AT is increased, we either get a transition 
into a 

- stable piggybacking/contention state, from 
now on called state B 

or an 

- oscillating piggybacking/contention state, 
from now on called state C. 

If piggybacking is possible before the Local
queue builds up, we will get state B, in the 
opposite case state C. When the Localqueue 
builds up because of collisions, piggybacking 
will sooner or later be possible. A Req will 
succeed in the reservation subframe and the 
piggybacking will' be used until the Localqueue 
is empty. The system will oscillate between a 
contention state and a piggybacking state. State 
C is for the CPODA protocol the analogy to the 
unstable collapsing state in S-ALOHA. It is to 
remark that the loading on the reservation sub
frame need not satisfy the collapsing criteria 
for the S-ALOHA protocol. A necessary condi
tion to attain ' state C is that the stationary 
Localqueue delay is so high that piggybacking is 
made possible, i.e. that a new packet arrives 
before the Req for the previous one could manage 
to leave the Localqueue. 

Because of the nature of state C, CPODA will 
never collapse in the same way as S-ALOHA. If 
the Holdingtime is long enough, all the traffic 
will get through. The transittime, however, may 
be very much increased. For short Holdingtime, 
we may also loose traffic. 

The states A; Band C are characterized as 
follows: 

A: Reqs are primarily sent in the reservation 
subframe and 8R ~ 1. 

B: Req's are primarily sent in the data sub
frame and 8R ~ 1. 

C: Reqs are both sent in the data and reser
vation subframe and 8R > 1. 

4.3 CHARACTERISTIC INTENSITIES AND TRANSIT 
TIMES 

Let p be the fictitious loading on 'the reserva
tio'n subframe defined as the loading on the reser
vation subframe if no piggybacking is possible 
and the number of Reqs per Box is one. 

As the slot length in the reservation sub frame 
is 1 VS, we have that 

p 
AT 

• 1 VS 
l-AT·x 

(4.1) 

Assume a delay-throughput curve where AT is the 
throughput measure. The following points on the 
AT-axis are defined: 

Amax - the maximum allowable intensity of data 
packets on the channel. 

the intensity that gives transition into 
state B. 

- the intensity that gives transition into 
state C. 

ITC-9 

AS-ALOHA - the intensity that according to the 
ideal S-ALOHA theory mak es the res e r
vation subframe collapse, i.e. p=l/e. 

The set of intensities Amax , AB' AC, and AS-ALOHA 
are defined as the characteristic intensities. 

We get 

A max 

N 

(1. 5 • f + rll .' f) 

A =_,_1 __ 
S-ALOHA e'lVS+x 

(4.2) 

(4.3) 

(4.4) 

f is the CPODA frame length (in VS), m the 
reservation subframe minimum (in VS) and N is 
the number of ground stations. 

Eq. (4.2) is obtained from calculating the 
integer number of packets that get into one 
frame. Eq. (4.4) is obtained from Eq. (4.1) 
when p = lie. Eq. (4.3) is understood when con 
sidering figure 4.1. Piggybacking is possible 
if the next Req is put into the Localqueue in 
the same frame as the preceding Req is put into 
the Centralqueue. hie must have a coincidence 
within one frame. Dependent on which slot is 
randomly chosen for transmitting a Req, the 
instant when it is put into the Central queue 
will be in one of two frames. AB corre sponds 
to the maximum time from 1 to 4 on figure 4.1. 
The minimum is one frame shorter. 

T . :-. -, 

~~ ~ :0 
1+ I' I I 11 I Iq I , 

I 
CPODA frame 0 1 

, , 
I T. I 

I .. .1 

o A Req is put into the Loco/queue 

o The Req is sent in 0 control pocket in the 
reserva tion subframe 

® The Req is put into the Centra/queue o The pocket is sent from the source Simp 

® The pocket arrives at the destination Simp 

Figure 4.1 State A packet sending process 

The intensity AC is not easily calculated. We 
do know, however, that AC ~ AS-ALOHA' The 
loading p is shown on figure 4.2. The placement 
of the intensities AC, AS-ALOHA' Amax and AB and 
the values of the CPODA system parameters deter
mine what kind , of delay-throughput curve we will 
get. In the general case Amax and AB can have 
any placement on the AT-axis. For the case 
shown we undoubtedly will have a transition from 
state A to state C and state B will never be 
reached. That because AC<AB and Amax <AB' 

There are two types of delays that contribute to 
the transit time: 

- framing delay, i.e. waiting time for n ew 
frames to start when the queues are not 
served. In this connection a queue is 
served when there is a scheduling of units 
from the queue, 

- queueing delay, i.e. waiting time in a 
queue when the queue is served. 

When the traffic load is almost zero, there wil l 
be no queueing delays. That appears for very 
light loading in state A. The mean transit time 
in this "zero load" state is denoted as t he 
"zero load" transit time . The following 
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expression gives the delay for the case shown in 
:"1figure 4.1 

llt 
r!l·f-T T · ( ril

f
· f - T'). 

0.5 f+ f f ~rfl·f+ 1-

(ril+l).f+T 

That gives: 

llt = 0.5·f+3T (4.5) 

The absolute minimum of llt can be reached in 
either of the states A or B. If the minimum is 
found in A, this must correspond to (4.5). If 
it is found in B, it must lie between the v.alue 
llt from (4.5) as an upper bound and the value. 

llt = 2T (4.6) 

as a lower bound. It is to remark that pro
cessing times are neglected. 
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Figure 4.2 
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subframe loading p as function 
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4.4 THE PRINCIPAL DELAY-THROUGHPUT CURVES 

Example 1 

Figure 4.3.a shows two delay-througnput curves 
for N=l. In this case 

AB = .001, . AS-ALOHA .239, A = .667 max 

As AB « AS-ALOHA we get a transition into state 
B from A and the absolute minimum delay is found 
in state B. It is to remark that a deterministic 
arrival distribution gives a better performance 
than the negative exponential arrival distribu
tion. The strange behaviour of llt for the 
deterministic case through the points a-e is 
discussed in [5]. 

Example 2 

Figure 4.3.b shows two 'delay-throughput curves 
for N=3. Two different framelengths are used; 
f=27 VS and f=2 VS. The characteristic inten
sities for these cases are: 

f=27 VS: 

AB = .044, AS-ALOHA .. - .212, \nax .481 
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0, 

f=2 VS 

AB = .103, 

JJt ( •• c) 

Nz' 
f = 21 VS 
m= 0 VS 
T = 25 VS 
x : ',':6 VS 
It : 2 

AS-ALOHA .212, A m,ax .500 

.1 

1 

I 
I 

------_ ,!l ...... Cd l 

Arrival distribution:d.t.r-;";;;;stlC- - - - - _"/ ......... -j 
a 

~5~--~----~-----~--~----~----~--~----~----~--~ 
Op q, 0,2 0,3 0,': ~5 q6 ~7 0.8 0,9 AC 7,0 

Figure 4.3.a Example 1 of delay-throughput
curves 

t2 N:3 

',' 
m.OVS 
r=25VS 
x= 2VS 
It = 2 

',0 Arrival distribution. d.t.rministic 

0,6 ",-

f = 2 VS 
",-

",----- -
Q5qo q, 0,2 0,3 0.': 

/--
,/ --

/ 
/ 

0,5 0,6 0;7 0,8 q9 AC ~O 

Figure 4.3.b Exampl,e 2 of delay-throughput
curves 

For f=27 VS the delay-throughput curve is very 
much like the curves from ex. 1. There is one 
significant difference, however, we get an 
increasing llt to a maximum before again de
creasing. Tha~ is because lB is so big that th~ 
queueing delays in state A get significant 
before the piggybacking condition is attained. 

For f=2 VS we get a new type of curve. Because 
the framing-delay is negligible, the only delay 
is the queueing-delays. The state A transit time 
is therefore the minimum. In this case AB < 
AS-ALOHA' but as we do not know the intensity AC' 
we are not guaranteed a transition into state B 
before · the oscillating state C appears. In this 
case we get state C before state B. This fact is 
understood from [10]. The Localqueue delay in 
S-ALOHA for a loading equal to AB is 1.5 T. As 
this delay is greater than the distance between 
messages, we will get state C. As ~B < Amax a 
transition into state B is attained as AT is 
increased further . 

Example 3 

In figure 4.3.c there is one curve for N=10 and 
one for N=50. The characteristic intensi~ies for 
these cases are: 

N=lO: 

AB = .148, AS-ALOHA 

N=50: 

.239, Amax .667 

AB = .741, AS-ALOHA = .239, A =.667 max 

The curve for N=lO illustrates a case where we 
go from state A to B, but where the piggybacking 
have little influence on llt. The curve for N=50 
illustrates a case where we definitely go from 
state A to C and where state B never is attained. 
In this case we both have the condition 
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Amax<AB that means that the condition for state 
B never is attained, and also AS-ALOHA<AB that 
means that state C will appear. before state B. 

la 27 VS -" 
/Ita 0 VS ,,-

" iIJ ' a 25 VS " 11 & ',,4' VS " " 
rill!' &d!stribution: " --: ~ 

,-
d.t.rministic /1/a50 

/ 

2P " / 
/ 

/ 
.'p 

45qo Cl' 0,2 cp ~, 0,1 4' ~7 4' 4' ~C (0 

Figure 4.3.c Example 3 of delay-throughput
curves 

4.5 THE INFLUENCE OF MINIMUM RESERVATION 
SUBFRAME LENGTH 

Let 

the ma~imum traffic carried 
(ACmax= Amax·X) 

As seen from (4.2), ACmax is of course influ
ended by m. The question is, however, is there 
for a given traffic AC<ACmax a value m that 
gives a minimum ~t. The mean length of the 
reservation subfrarne is independent of m. An 
increasing rn, however, gives less variance in 
the length of both the reservation and data sub
frame. So if it is assumed that the system is 
either in the stable states A or B, it is to 
expect that the best choice is: 

m=O (4.7) 

because an increase in m gives additional delay 
for the data packets in heavy traffic periods. 

Figure 4.4 shows delay-throughput curves for 
different values of m and for different message 
arrival patterns. When the arrival intervals 
are negative exponentially distributed, the 
above assumption seems to be true. For ' the 
deterministic case, however, the picture seems 
to be rather complicated. It seems as the best 
choice of m is 

max{m; AC < ACmax } (4.8) 

It seems optimal to fit the data sub f rame to the 
traffic carried in such a way that m takes the 
maximum value that still allows AC to get 
through. A discussion of this rather remarkable 
result is carried out in [5]. An increasing 
number' of stations, however, gives curves for 
the deterministic case as for the negative 
exponentially distributed case. 

'p Na' 
,:: 27VS I m=2 

q9 , = 25 VS I 
x = ','I VS, m= ~' 

qs \1t:2 / 
., Arrillol distribution: /",5 /. 

, "n~gatill~ .xpon~ntial ".,' 
q7 ~.__ . m=5, 

-.....= . ........., =-..... -...;: -= .= :.:..-=~-""-~-" 
Arrillal distributi;on~=-----____ :;;:;:::il-~ 
d.t~rministic 

Figure 4.4 The influence of m on the 
delay-through put-curves 

4.6 THE INFLUENCE OF FRAMELENGTH 

Assume that 

T+2 VS = I·f I 1,2 , 3,4 ..... 

ITC-9 

(4.9) 

It takes T+2 VS from packet scheduling till a 
piggybacked Req reaches the Centralqueue. If 
(4.9) is satisfied, a Req piggybacked on the 
first packet in a frame can be scheduled as the 
first packet Iof frames later. Assume that 

T+2 VS = I·f+E 

where E is a little number. Then we have that 
the Req piggybacked on" the first packet in a 
frame will not arrive in time for being scheduled 
as the first packet I~f frames later. That 
implies that if the Centralqueue is emptied in 
the frame preceeding the arrival of the Req, we 
will get an empty frame because the reservation 
subframe will be opened. That leads to delayed 
scheduling. Assume that 

T+2 VS = I· f-E' 

Then the Req piggybacked on the first packet in 
a frame will arrive in the Centralqueue in time 
for being scheduled in the next frame, but it 
has to wait a time E. So a choice of f in 
accordance with (4.9) for a given value of I 
should be preferred. As f must be an integer 
number of slots, (4.9)cannot be satisfied for 
all values of I. In figure 4.5 the closest 
value of f is used. Figure 4.5·.a shows as an 
example that a choise in accordance with (4.9) 
is the best choise for 1=2. Similar curves are 
shown in [5] for 1=1,3. 

Figure 4.5.b gives a comparison between the best 
curves for 1=1,2,3 and the curve for 1=14. The 
reason for different limiting values ACrnax is 
that the chosen packet length (X=1.46 VS) is 
fitted different to the different values of f. 
Increasing I leads to decreasing values of f if 
(4.9) shall still be satisfied. If we assume 
that the system is so dimensioned that state C 
is not reached, it is to expect that decreasing 
f gives decreasing ~t because the framing-delay 
will decrease. This is, of course, the case for 
a very light loading (eq. 4.5). Figure 4.5.b 
seems to ind icate that the minimum value of f 
that satisfie s (4.9) is the best one. 

1If(·ee) 

0,. N: 1 
m:OVS 
, : 25 VS 
If: ,,"VS 
1t:2 

"\ ArrillOl distribution: d.t.rm;nist;c 
,\ 

0,1 ,,'\ _ .", 

\ ...... , ':'3 VS ...... -' " 

\ " . .-," \ - .- .- .- ,=, 
- - - - _ ,=" VS 

...... _-------- .... -
0,6 

" 

45qo q, Q2 qJ q' 45 0,6 0,7 

~6 

Figure 4.5.a " The influence of 

J.I (uc) 

N = , 
\ /It = ovs 
\ ~ :~~Svs 
\ It = 2 
", Arrillal distribution = d"""/It;nistic , 

' . ',21 VS 
",([:1) 

----';-lVS 
(1 = ") 

'-. 

f 

O~~ __ ~ __ ~ ____ ~ __ -L __ ~~ __ ~ __ ~~~~ __ ~~~. 

0,0 0,' 0,2 0,3 0,' 0,5 0,6 0.1 0,. 0,_ AC ',0 

Figure 4.5.b The influence of f 
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5 CONCLUSIONS 

Results from a traffic study on the satellite 
channel access algorithm CPODA (Contention 
Priority Oriented Demand Assignment) have been 
presented. A symmetrically loaded satellite 
network under stationary, noise-free conditions 
was considered. 

The delay-throughput curves will show different 
shapes dependent on the values of the character
istic intensities AB, AC, AS-ALOHA and Amax. 
The most preferable curve is the curve that 
shows up with minimum delay at high channel load. 
Because of the piggybacking feature, it is 
possible to get decreasing delay as the channel 
load increases. Because the reservation sub
frame operates as a S-ALOHA protocol, contention 
oscillations can take place. CPODA does not 
collapse as S-ALOHA, but the performance will be 
degraded. The values of the characteristic 
intensities can be used to determine the ' stabil
ity of CPODA for the parameter values chosen. 
The minimum delay for the block traffic protocol 
is always greater than two round trip times (ca 
0.5 sec), while typical delays ,less than four 
round trip times (ca 1 sec) can be expected. In 
addition to the block traffic protocol a stream 
traffic protocol has been designed. This proto
col was not considered in this paper, but an 
improvement in the delay of ca one round tri"p 
time is expected. 

The influence of the reservation subframe mini
mum on the delay-throughput curves was discussed. 
For a negative exponentially distributed 
arrival process, increasing m always gives in
creasing delay. The influence is only signif
icant, however, for a high load on the channel. 
For a deterministic arrival pattern, the picture 
is rather complexe. For a high number of sta
tions, however, the influence of m for a deter
ministic arrival process is as for the negative 
exponentially distributed case. 

The framelength has great influence on the delay. 
For a given load on the channel, the delay will 
show up with subminimums for T+2 VS = I·f ; 
1=1,2,3,4 •... where T is the round trip time 
and I is an integer. An increasing f (de
creasing I) gives an increasing delay. 
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