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(U) ABSTRACT

(U) Several Demand Assignment Multiple Access
(DAMA) techniques for circuit switched satellite
communication networks are available. To meet
future multimedia service requirements, Military
Satellite Communications (MILSATCOM) architec-
tures must include new efficient resource allocation
and demand assignment algorithms. Asynchronous
Transfer Mode (ATM) is emerging as the universal
transport mechanism for the next generation
broadband communication network. In this paper,
we propose a Demand Assignment Multiple Access
(DAMA) analytical model for a Multimedia Wide
Area Communication network. We present analysis
and simulations results for a non-contiguous and
contiguous resource allocation for Constant Bit Rate
(CBR) and Variable Bit Rate (VBR) service requests.
Our examples conclude that there can be up to a ten
percent increase in channel utilization for a non-
contiguous resource (slot) allocation.

(U) 1.0 INTRODUCTION

(U) The information infrastructure plays a critical
role in achieving a global Command, Control and
Communications Systems. The convergence of
telecommunications, computers and the advances in
Satellite Communications (SATCOM) technologies
will lead to a vast array of opportunities for new,
value added integrated and multimedia services.
Recent studies project at least a four to five fold
growth in warfighter information requirements that
must be satisfied by the satellite communication
systems in the next decade. Warfighter information
transfers, e.g., video teleconferencing, electronic
meetings, and on-the-go communication services,
drive the need for higher capacity communication

systems to meet these high capacity service
requirements. SATCOM is necessary to connect the
tactical and strategic terrestrial based grids with the
DISN. Asynchronous Transfer Mode (ATM) is
emerging as the universal transport mechanism for
the next generation broadband communication
networks in both the military and commercial
environments. To meet the future evolving system
requirements, e.g., connectivity, interoperability,
flexibility, access and control, etc., new SATCOM
must be developed including efficient resource
allocation and demand assignment algorithms. [1]

(U) Recent trends in military and commercial
SATCOM systems to use Demand Assignment
Multiple Access (DAMA) dictate DAMA develop-
ment to improve system utilization, efficiency and
resource sharing by a large population of users with
diverse traffic. Many DAMA schemes have been
discussed in literature. [2,3] DAMA system can be
characterized according to the switching technique
(e.g., circuit, packet or cell) or control scheme (e.g.,
central, distributed or hybrid) employed. Several
DAMA systems for circuit switched networks have
been developed and have resulted in standards.

(U) In a central control demand assignment scheme,
the central controller arbitrates requests for capacity
allocation, and returns the assignment information.
The single controller also introduces the issue of
survivability. Distributed control can provide better
survivability but less channel allocation flexibility.
Compared to ground based controllers, a payload
based controller has several advantages such as, less
signaling delays, enhanced survivability and fast
response time to changing link conditions. However,
a payload based DAMA controller has an impact on
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the weight and power which must be traded off. For
a dynamic demand assignment technique many
choices are available, ranging from highly
controlled, constrained access techniques to
essentially uncontrolled random access techniques.
Fixed assignment schemes such as Frequency or
Time Division Multiple Access (FDMA or TDMA)
can certainly achieve high efficiency but only with
high duty factor terminals. Random access schemes
(e.g., Pure, Slotted, and Reservation ALOHA) have
proven to be best suited for low duty factor traffic.
Some combination of fixed and random assignment
schemes is usually appropriate. Some of these access
control protocols are applicable to on-board
processing satellite systems. Current focus on UHF
systems is based on MIL-standards for 25 kHz and
5 kHz. [4,5] To improve system responsiveness and
flexibility and accommodate new terminal classes,
DAMA capable SHF systems are proposed and an
SHF DAMA standard is in a draft form. [6,7] In
addition, DAMA schemes have been proposed for
EHF satellite communication system and they are

under development. [8] Most of these DAMA
schemes operate with circuit switched systems and
the DAMA controllers are ground based. To
accommodate future requirements, new SATCOM
architectures and DAMA control algorithms must be
developed. [9]

(U) In this paper, we provide a multimedia wide area
network architecture with dynamic access capability
and a multimedia service model in Section 2.0.
Section 3.0 describes an analytical DAMA model for
non-contiguous resource (slot) allocation and a
simulation approach for contiguous slot allocation.
Section 4.0 provides DAMA performance results in
terms of blocking probability vs offered load.
Section 5.0 summarizes the study.

(U) 2.0 NETWORK MODEL FOR MULTIMEDIA
SERVICES

(U) 2.1 Network Architecture

(U) Figure 1 shows an example of how a broadband
on-board processing satellite would provide wide area
broadband network interconnectivity to different
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elements of a potential deployment of military
forces. Ships at sea could maintain connectivity
using a combination of broadband satellite and inter-
ship terrestrial communication links. The broadband
satellite would support communications in areas that
most terrestrial radio links do not support, namely
coverage over a large areas, high data rate transfers,
and mixed media. Communications with the
warfighter is provided through the satellite via fixed
or transportable broadband terminals that are
located at various concentration points or centers.
These concentration points aggregate different
types of local communications, such as data/inter-
LAN, TDM trunk or voice traffic. The warfighter
also has access to terrestrial links as necessary, both
wireline or wireless. Gateways provide higher
capacity links for interconnection of military
communications trunks.

(U) The terminal transmit rates can typically be in
the range of a few hundred kilobits per second (kbps)
to well in the low Mbps. The terminal uplink uses
multiple access techniques that can be TDMA,
CDMA, or multi-frequency TDMA. The terminal
downlink can be either multiple access or shared
time division multiplexing that is usually in excess
of the uplink rates. The Gateway system provides
higher rate access links that are typically in the tens
or to even hundreds of Mbps in both the uplink and
downlink.

(U) The satellite provides the agile antenna systems
that support frequency and spatial diversity to re-use
the spectrum many times. On-board channelization
and switching functions support multiple access on
each uplink and downlink coverage beam. Most
initial on-board processing satellites will deploy
switching systems with bandwidth in Gbps range.
The uplink will support a DAMA technique that can
dynamically assign and re-assign bandwidth to
support terminal connectivity needs on an on-
demand basis. In general the terminal frequency
space is assigned and re-configured only when
needed. However, bandwidth is assigned to each
terminal as it requests the time slots either by an on-
board controller or alternatively by a ground based
controller.

(U) 2.2 Multimedia Service Model

(U) The terminals are capable of transmitting and
receiving many different types of traffic to support
a multitude of missions. There is an increasing need
to simultaneously transport a number of single and
multi-media applications across wide areas. Table 1
correlates some typical applications with the
underlying types of data that will need to be
transported.

(U) 2.3 Design and Performance Issues

(U) The previous section indicates that many
different traffic types, such as data, voice and video,

Table 1 (U) Multimedia Support For Typical Military Applications

Application Communications Needs Transport Specifics/Types
Theater-Wide Command &
Control

• Wide Area Coverage
• Dynamic Comms
• Remote Displays

• Networked Data Comms: LAN Extension, TCP/IP
• Continuous, Long Term Point-Multipoint Data

Feeds
• Voice Connectivity

Remote Fire Control • Near Real Time Coordination
• Synchronize Sensors & Shooters
• Shared Quality Understanding of Battlespace

• Near Real Time Data Transport
• Multi-casting Feeds

Integrated Robust
Communications

• Reliable, Secure Connectivity Amongst all
Deployed Forces

• Integrate Various Land and Sea Forces

• Networked Data Comms
• Voice Circuits & Trunking

Integrated Sensor Networks • Get Sensor Data To Destination(s) at Right Time
• Handle Multiple Types of Sensor Info

• High Rate Data Transfer
• Near Real Time Digital Video

Tele-Medicine • Provide Remote Medicine for Diagnosis,
Treatment, Analysis, Consultation, Records
Transfer

• Real-Time, Hi-Quality Video
• Videoconference (N-Way)
• Voice
• Large File Transfers
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need to be supported simultaneously over the
satellite system. Each traffic type has specific
quality of service (QoS) performance parameters.
Traditionally, slot based uplink systems, such as
TDMA, have only had to dynamically allocate fixed
bandwidth resources, such as voice or trunk traffic,
or have dealt with traffic of a single type. The
uplink channel resources of a network capable,
multimedia satellite needs to be managed such that
all of these traffic types can be effectively and
efficiently transported together in the same uplink
beams that are eventually aggregated in the input
port of a typical on-board processing satellite and
switched to the appropriate downlink beam. If
TDMA or MF-TDMA is utilized, then a multi-media
capable DAMA approach would have to be
developed to respect the diverse QoS needs. [10]

(U) Two key design challenges for a multimedia
DAMA are: 1) how efficiently can the system
handle multiple channels of CBR and packet types
of traffic, and 2) how to allocate the slots
efficiently. Isochronous, or CBR traffic covers most
all circuit switched traffic on today’s legacy TDM
networks, such as voice and video. CBR data has
severe constraints placed on the time delay and
delay variation that can be experienced before
degradation can occur, such as loss of
synchronization. Normal data transfers do not have
very stringent timing issues and so there always is an
inherent priority given to CBR type of traffic.

(U) In the following section we propose a DAMA
model for resource allocation in a multimedia
service environment.

(U) 3.0 DAMA ANALYTICAL MODEL

(U) We assume a TDMA frame structure consisting
of a number of slots. Each user terminal requests
time slots on the uplink channel to utilize bandwidth
through the payload on DAMA basis. We propose
that slots assigned to a user need not be contiguous
since a contiguous slot requirement means that some
requests could be denied even though sufficient
bandwidth exists (just not in a contiguous segment).
We propose an analytical model to quantify the gain
in uplink utilization due to the non-contiguous

allocation. We assume that when the requested
number of slots is not available, the entire request is
rejected. This assumption will hold for CBR requests
and for variable-bit-rate (VBR) requests of one slot.
Other variations will be studied later.

(U) The methodologies used are an exact analytic
model of the system without a contiguous slot
requirement and a simulation approach is used for
the contiguous case, Section 3.4. One advantage of
using two approaches is that each model can be used
to validate the other.

(U) 3.1 Frame Structure

(U) Consider a superframe structure of N frames per
superframe with each frame consisting of n slots as
illustrated in Figure 2 (For the results in this paper,
we assume that n=24; The value of N is irrelevant
since the model assumes relatively long holding
times.) A 16 Kbps call would require one slot per
frame as shown by the “x’s” in the figure.

(U) 3.2 Non-Contiguous Slot Allocation Model

(U) The following resource sharing model and its
analysis is due to J. S. Kaufman [11] and is shown in
Figure 3. Applying this to the current system, the
resource being shared is the collection of DAMA
slots in a frame.

(U) Requests for resources arrive at a mean rate λ
and have two requirements:

1) (U) a spatial requirement - b slots
2) (U) a temporal requirement - the slots are

required for τ units of time

(U) The slots assigned to a request need not be
contiguous.

Figure 2.  (U)  Super Frame Structure

1 2 n 1 2 n 1 2 n
1 2 N
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Figure 3.  (U)  Model Overview
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A. (U) General Assumptions

A1) (U) k customer types, each with distinct
spatial and/or temporal requirements. k is
finite but arbitrary.

A2) (U) A request whose spatial requirement
cannot be satisfied is blocked and has no
further affect on the system.

B. (U) Stochastic Assumptions

B1) (U) The slot requests arrive according to a
stationary Poisson process (with mean
rate λ).

B2) (U) The spatial requirement b is an
arbitrary discrete random variable with
probability density given by
P b = bi{ } = qi ,i = 1,...,k , .

B3) (U) A customer with spatial requirement
bi  has residency time τ i  whose distribution
has a rational Laplace transform and
whose mean is denoted by 1/ µi .

(U) Assumptions B1) and B2) imply that requests
requiring bi  slots arrive according to a Poisson
process with mean rate λi = λqi . The offered load
to the system is ρ = λqii = 1

k∑ µi .

(U) Although some of the results in [11] also apply
to the case of finite sources, we restrict ourselves to
the case of Poisson arrivals. The Poisson arrival
assumption will be accurate for a large number of
user terminals sharing the same uplink channel.

C. (U) Sharing Policy

(U) We assume that the slots in a frame are
completely shared by competing requests. It is
possible to extend the results to other sharing
policies (e.g., reserving some slots for particular
types of sources) however, that extension will be
left for future work.

(U) 3.3 Solution to the Analytic Model

(U) From [11], we have that the blocking
probability of a source requiring bi  slots is given by

Pbi
= 1−

G C − bi , k( )
G C, k( )

,

where

G C ,k( ) =
ai

ni

ni!i=1

k
∏

n∈Ω
∑ ,

where n = n1,...,nk( ) , ni  is the number of slots
occupied by source type i, ai = λ i µ i  is the offered
load of source i, and Ω  is the set of all possible slot
assignment states. This is a familiar result from
BCMP queueing networks [12] and much applied
work has been done in deriving efficient numerical
methods for computing the normalization constant
above. In the present case, a real contribution of
[11] was in developing a simple one-dimensional
recursion for computing the blocking probabilities.

(U) The One-Dimensional Recursion

(U) Let the random variable j = b • n  be the total
number of slots occupied. Then the distribution of j
is given by

q j( ) =
ai

ni

ni!i=1

k
∏

n:n•b= j{ }
∑ • G−1 C ,k( ).

(U) The key result from a computational viewpoint
(proved in [11]) is that the distribution  satisfies

aii=1

k
∑ biq( j − bi ) = jq j( )

for j = o,...C , where q x( ) = 0  for x < 0  and

q j( ) = 1
j=0

C
∑ .

(U) The previous equation defines a one-
dimensional recursion (for arbitrary k) which
trivially generates q j( ), j = 1,...C{ } , starting with
q 0( ) = 1 . The above equation is then used to
normalize the elements. Finally, the desired blocking
probabilities are given by

Pbi
= q C − i( )

i=0

bi −1
∑

for i = 1,...k . The carried load (or utilization of the
uplinks) is given by
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carried load = λ 1− Pbi

 
 
  

 
qii=1

k
∑ .

(U) 3.4 Contiguous Slot Simulation

(U) In order to quantify the advantage (if any) of
allowing totally flexible assignments we need to
compute the blocking and carried load achievable
when requests for slots are only allowed if the
required slots can be assigned contiguously within a
frame. Deriving a general analytical model for the
contiguous case is possible in principle but the
explosion in the state space required to keep track
of the lengths of available runs of slots (and which
calls occupy which slots) is prohibitive and therefore
is not practical. We therefore turn to a discrete
event simulation for the contiguous case.

(U) 3.5 Performance Results

 (U) In Example 1, we consider a case with
heterogeneous requests. In particular, we assume that
30% of requests are for 16 Kbps CBR, 50% are for
64 Kbps CBR, and 20% are for 128 Kbps CBR. The
results are given in Figures 4 and 5. Note that calls
requiring more slots see significantly higher blocking
than smaller bandwidth calls.  We note that the
contiguous requirement increases blocking for some
calls and decreases it for others. In particular, the
calls requiring 128 Kbps worth of bandwidth see
higher blocking as would be expected since to be
accepted, there always needs to be 8 available slots
in a row. Since less of these large bandwidth calls are
carried, there is more capacity available for the low

bandwidth calls which explains their decreased
blocking probability. In this case, the 64 Kbps calls
see about the same blocking. Although there is a
disparate behavior in blocking for different streams,
the total carried load is less for the contiguous case
as is seen in Figure 5. Note that allowing totally
flexible slot assignment results in an 8% increase in
uplink channel utilization at an offered load of 80%.

 (U) In Example 2, we consider mixture of two
source types. We assume that 95% of requests are
for an average of 16 Kbps bandwidth (1 slot) and 5%
require an average of 192 Kbps (12 slots). The
results shown in Figures 6 and 7 show that, once
again, the non-contiguous case affords a roughly
10% gain in uplink utilization. Figure 6 exhibits an
interesting behavior which becomes intuitive with a

Figure 4.  (U)  Blocking Probability for Mixture of
16 Kbps, 64 Kbps, 128 Kbps CBR
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Figure 5.  (U)  Slot Utilization for Mixture of
16 Kbps, 64 Kbps, 128 Kbps CBR
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Figure 6.  (U)  Blocking Probability for Mixture of
16 Kbps and 192 Kbps CBR
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little thought. As the load increases from zero the
blocking for both types of calls increases although
there is a good chance that one large call is
occupying slots so that the small calls must contend
for the remaining slots. As the load increases,
however, the blocking of the large calls reaches a
point where it is likely that new large bandwidth
requests will be blocked and there is a significant
chance that no large calls are in the system. Now
the small calls have a better chance of contending
for all 24 slots so the blocking probability decreases.
It continues to decrease as the blocking for large
calls increases until the small calls themselves cause
congestion at which point the blocking probability
increases again.

(U) 4.0 CONCLUSIONS

(U) To improve system responsiveness and
flexibility, many DAMA schemes have been
proposed; some of them are being developed and
also resulting in DAMA standards. However, most of
these DAMA systems are for circuit-switched
networks. To meet the projected four-to-five fold
traffic growth and multimedia services the future
SATCOM architectures must include ATM transport
technologies.

(U) In this paper, we proposed a DAMA model for
CBR and VBR services. Two possible resource (slot)
allocations, contiguous and non-contiguous, are
presented. Analytical and simulation results for
blocking probability vs. offered load for non-
contiguous and contiguous cases are presented.

These results show that non-contiguous allocation
results in up to a ten percent increase in channel
utilization.
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