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EXECUTIVE SUMMARY

This summary highlights the conclusions reached in the final
report of the Movements Information Network (MINET) Testbed
Design Study. The objective of the study has been to obtain
MINET user requirements, propose an architecture for the MINET
testbed, prepare a plan for operation, maintenance, and future
growth of the tecstbed, and provide budgetary cost estimates and a
risk analysis. The MINET concept 1is an application cf
state-of-the-art networking technology to the needs of the cargo
movements community of the U.S. armed services in the Western
European theater.

The MINET concept was developed by representatives of the
U.S. European Command Headquarters (HQ USEUCOM) and the armed
services. The preliminary functional requirements for the MINET
were published in the Statement of Requirements (SOR) document,
dated 2 March 1980. This report describes a design that can meet
the requirements of the SOR. It represents a minimum risk
application of proven networking technology in a peacetime
testbed environment. The testbed will be used to evaluate the
utility advanced networking techniques have for the movements
community.

The major recommendations and conclusions reached during the
MINET Testbed Design Study are 1listed here. Each of these
recommendations and conclusions is discussed in depth in this
report.

e Use ARPANET technology for the MINET testbed.

This recommendation 1is based upon the SOR, together
with considerations of cost-effective operation and readily
available technology. Relying on ARPANET technology allows
the testbed MINET to be deployed with the lowest possibie
risk.

2. The MINET testbed should be a separate network.
The MINET testbed will be built as a separate network in the
theater and connected to the ARPANET with internet gateways.
Initially there will be a single gateway to the ARPANET.

3. The MINET testbed will have 114 terminals at 80 sites.

There will be 80 military sites that will be connected
together with the testbed MINET. These sites will all be in
the European theater, and will be able to access movements
data bases both in Europe and in the United States. A total

- 1ii -
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of 114 terminals will be distributed among these 80 sites.
The MINET testbed will use 16 voice-grade trunk circuits.

Sixteen trunk circuits are adequate to support the
projected traffic flow 1in the testbed network. With the
exception of the Europe-CONUS link, each of the IMPs 1is at
least doubly connected to the network, so the net can
tolerate the failure of any single trunk circuit except the
CONUS «circuit. Analog voice-grade telephone circuits will
be used for the network trunks, with modems that can provide
a digital data rate of 9.6 Kbps per second. The majority of
these circuits will be leased from European common carriers

(PTTs), and, where available, others will be provided by DCA
Europe.

The MINET testbed can be built using 13 IMPs and 12 TACs.

A testbed netwcrk with 13 1IMPs (Interface Message
Processcrs) and 12 TACs (Terminal Access Controllers) is
sufficient to support the estimated traffic load of the 114
terminals. The IMPs are packet-switching minicomputers that
connect to MINET trunk circuits as well as to MINET host
computers; a TAC is a specialized host, connected to an IMP,
which serves as a terminal concentrator. Each IMP, except
for the one in the Europe-CONUS gateway link, will have a
collocated TAC.

The testbed will give fault-tolerant, responsive service.

The performance goal of the testbed MINET is to provide
an overall network delay of 1less than 2 seconds. The
reliability goal is to meet the performance goal for at
least 90% of the user terminals, under any probable single
component failure. The analyses in this report indicate
that the testbed will meet these goals, and that the
performance goal can still be met even if there is a
fourfold increase in the projected amount of testbed network
traffic.

The MINET testbed will have three electronic mail hosts.

Three EM (electronic mail) hosts are recommended for
the MINET testbed. They will be in Frankfurt, Naples, and
London. These hosts will support the UNIX operating system,
as well as an electronic mail system designed to meet the
needs of the testbed MINET users.
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10.

11.

The Network Control Center will be in Europe.

The Network Control Center (NCC) for the MINET testbed
will be lncated at Camp King, Frankfurt, the headquarters of
the 4th Transportation Brigade. The ARPANET NCC, at BBN in
Cambridge, Massachusetts, can serve as a backup NCC for the
MINET testbed. Each NCC 1is a host computer that |is
dedicated to displaying network status, statistics
gathering, fault isolation, and remote testing.

DCA Europe is responsible for acquisition and operation.

DCA, the Defense Communications Agency, has been
designated as the organization that will be responsible for
the acquisition and operation of the MINET testbed. DCA
will not only assume responsibility for the acquisition and
maintenance of the MINET trunk circuits, but also for the
acquisition, siting and operation of *he testbed network
hardware.

The testbed will be deployed in three stages, over 4 ‘ears.

The MINET testbed will be deployed in three stages. 1In
each stage a portion of the total network will be
implemented: Stage 1 will include most of the sites in West
Germany and the UK; Stage 2 will include most of the sites
in the Mediterranean area; and Stage 3 will include sites in
Greece and Turkey, plus a few others. Stage 1 sites are
planned to be on the network one year after initiation of
the testbhed MINET development effort. Stage 2 sites ere
planned to be on the net two years afterwards, and Stage 3
sites are planned to be on the net three years after
development begins. Thus only in the fourth and final vyear
of the testbed program are all sites planned to be on the
network.

The MINET testbed estimated budget is 14.5 million dollars.

The budgetary estimate for the MINET testbed program is
14.5 million dollars, in constant 1980 dollars. The final
project budget estimates, for the purpose of DoD planning
and funding requests, are being developed by the U. S.
European Command (USEUCOM). USEUCOM has further developed
the budget estimate given in this report, by including
certain contingency costs and the costs for a System
Engineering and Technical Advisory (SETA) contractor. These
cost revisions vyield an overall estimated program cost of
16.0 million (constant) dollars.
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1. INTRODUCTION

T, This report is the final report of the Movements Information
Network (MINET) Testbed Jdesign Study, which has taken place
between March and December of 1980. The objective of the study
has been to obtain MINET user requirements, propose an
architecture for the MINET testbed, prepare a plan for operation,
maintenance, and future growth of the testbed, and provide

budgetary cost estimates and a risk analysis. f:f“
1.1 Project Scope

The concept of a Movements Informz2tion Network (MINET)} is an
application of state-of-the-art networking technology to the
needs of the cargo movements community of the U.S. armed services
in the Western European theater. The MINET concept was developed
by representatives of the U.S. European Command Headquarters (HQ
USEUCOM) and the armed services. The preliminary functional
requirements for the MINET were published in the Statement of
Requirements (SOR) document, dated 2 March 1980. This report
describes a design that can meet the requirements of the SOR.
Although the major SOR requirements are summarized 1in this

report, this report does not supersede the SOR.
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1.1.1 Report Plan

This report is divided into five major sections. The first
section provides an introduction and a project perspective. The
second section takes the requirements of the MINET users and maps
them into requirements for the network itself. The third section
takes the requirements for the network and maps them into a
specific network design that satisfies those requirements. The
fourth section suggests how to obtain the necessary circuits and
hardware fror the network design, how to operate the network, and
p.esents a project plan for the testbed development,
invtallation, and operation. The fifth section assesses risks
asc¢ociated with the MINET development, and related research and

development projects.

Without ioss of continuity, the reader can skip parts of
this report and qain an understanding of what the MINET is, and
what costs «re involved. Section 1, the project perspective, 1is
recommended to all readers. Section 3.1 describes the
recommended MINET testbed configuration, sections 4.1, 4.2, and
4.6 describe the plans for the network circuits, hardware, and
manpower respectively, and section 4.7 contains the budgetary

cost estimates for the testbed.
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1.1.2 Purpose of MINET

The purpose of the MINET 1is to improve the managing and
tracking of cargo movements into and within the European theater.
Thiz improved capability applies to the vrovement of cargo from
ports of embarkation (POE) 1in the con-:inental U.S. (CONUS) to
porsts of debarkation (POD), and from PODs and other in-theater
origins to controlling movements regions and to selected

activities.

The first step towards realizing MINET will be to develop a
testbed network, which will provide HQ USEUCOM as well as the
headguarters of the three armed services (USAREUR, NAVEUR, and
USAFE) and their component commands with an opportunity to
evaluate the chosen MINET networking technology in the European
theater and to assess the effectiveness of this technology as a
communication medium between logistics data bases in CONUS and
data bases in the theater. The objective of the testked approach
is to implement a representative portion of the longer-term
network. This portion includes enough geographically dispersed
users so that it can be of immediate use, &nd so that it can
provide a non-trivial basis for evaluation. On the other hand,
the testbed 1ic limited in scope and cost in order to hasten the
completion of the evaluation and in order to keep the evaluation

focused on essential MINET features.
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Ultimately, the MINET shculd be able to serve the movements
community in the theater in a wartime situation. +he testbed
MINET, however, will not be capable of providing the degree of
robustness that will be required in wartime. Over the course of
the next few years, the kind of technology that can provide this
robustness will become more economical, and can then be
incorporated into the MINET. The design for the testbed MINET
presented liere allows for evolution to a wartime-ready network
while requiring only minimal changes to the MINET terminal user

interface.

The testbed MINET network will also provide substantial
improvements to the current peacetime operation . In particular,
it will provide the movements ccmmunity with 1 :al-time, rather
than historical, status of cargo shipments. Responses to queries
against the logistics data bases will be provided within minutes,

rather than within a few days.

1.2 Overall Project Guidelines

In order that the testbed MINET be considered a success, it
must be demonstrated that networking technology has Dpecome
sufficiently stable that it can support the demands of the
movements community in the European theater. Accordingly, the

network should be designed to be a minimum risk network -- it

should concentrate on the use of off-the-shelf technology. The
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minimum risk guideline also implies that the technology shcould
not be pushed too close to the limits of its capacity. For this
reasor, the number of user terminals attached to the testbed
network should be carefully controlled. The use of off-the-shelf
technology not only ccntributes to the minimum risk goal, but
also helps reduce costs and hastens the deployment of the testbed

natwork.

Implicit in the notion of a testbed is the potential for a
complete, or at 1least -enlarged, facilityv at some point in the
future. Accordingly, the network should permit smooth crowth of
b th capacity and functionality, and, over a wide range, the cost
of adding an additional user should be constant. A basic
consideration, therefore, 1is how nuch growth the chosen
tecl.ivlocy will support. It is imnmortant tco understand what
aspects of the techriology might become bottlenecks in future
growth plans, such as the desire to triple the number of users or
to double network traffic. This growth should be able to be
accommodated without any ma,:r modifications to the user

interface to the network.

1.3 Approach

A designated set of representatives from the MINET user
community, called the MINET Working Group, has been tasked with

participating in the design, development, operation, and
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assessment of the testbed. The Working Group 1is headed by
representatives of HQ USEUCOM, and includes cargo movements
specialists from each of the three services. The Working Group
reports to the General Officer Steering Committee (GOSC), which

2lso hes representatives from all three services and HQ USEUCOM.

In order. to obtain a careful analysis of the issues involved
in building the MINET testbed, HQ JSEUCOM requested that the
Defencse Advanced Projects Research Agency (DARPA) initiate a
study, with DARPA serving as the funding agency and contract
monitor for the study contract. The study has taken place
between March ard December 1980. The objective of the study has
been to propose an architecture for the MINET testbed, prepare a
plan for operation, maintenance, and future growth, provide
budgetary cost estimates, and present an analysis of risk and
related research and development efforts. The preliminary
results of the study were presented to the MINET Working Group
and the GOSC in August 1980. The GOSC has approved the MINET
testbed concept and the budget estimates presented in the August
briefing. HQ USEUCOM and the three services are presently
planning the funding of the MINET testbed implementation,

operation, and maintenance contract.

The first phase of the study was to survey a representative
set of potential MINET users. This survey yielded two kinds of

data: (1) a functional requirement, which expresses the needs of
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the potential wusers, and (2) a traffic requirement, which shows
how heavily the potential user conmunity uses existing
communication facilities to track cargo shipments. The next
phase of the study reduced the traffic reruirements data into
bandwidth requirements between the various network sites. Next,
the bandwidth requirements, taken together with well-established
methods for 1laying out trunk circuits in a packet-switched net,
yielded a family of possible testbed network topologies.
Functional requirements were taken into account while laying out
the packet-switched subnet as well as while considering the hosts
to be attached to the subnet. Having proposed a testbed network
topology, the study effort provides an O&M plan for the testbed,
followed by budgetary cost estimates. Finally, the study has
included a risk analysis and a discussion of future requirements

and evolving technoclogies that can be tailored to meet them.
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2. REQUIREMENTS

The first major subtask of the MINET design study is to map
the requirements of the testbed network”s future users into
requirements for the packet-switching subnetwork and for the
electronic mail hosts. To begin, then, it 1is necessary to
identify the future users. The future users or their
representatives should be able to provide both the users”
functional and the users” traffic requirements. These can be
mapped into network functional requirements and network traffic
requirements respectively. Practically all of the user
functional requirements can be stated without any knowledge of
packet-switching technology, and with only a high-level
understanding of electronic mail systems. The wuser traffic
requirements can be stated independently of either the subnetwork
or electronic mail characteristics. Accordingly, it has been
possible to interview individuals with direct responsibility for
day-to-day communication but who may have little exposure to the
current networking technology. In this section, the user
requirements are summarized and network requirements are derived.
The user traffic requirements are explicitly mapped into network

traffic requirements.

Tre 1initial list of testbed MINET users and the initial set
of functional requirements appear in the Statement of

Requirements document (SOR). We obtained additional functional
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requirements during two site survey trips in March and June of
1980. Potential testbed MINET user sites were given traffic
requirements forms prior to the June site survey. Both during
the June survey and for several weeks thereafter, we received the
completed traffic questionnaires that provided the basic traffic

requirements for the MINET testbed.

We obtained final adjustments to the user requirements, as
well as to the list of network users, during the MINET Workshop
Meeting at Patch Barracks in August 1980. Participants in the
MINET Workshop included the MINET working group and the General

Officers Steering Committee.

2.1 User Functional Requirements

Functional requirements for the testbed MINET user community
are deriv d from three sources: the SOR, the site visits to
potential MINET user locations, and a design phase which included
commentary and feedback from USEUCOM representatives. These

requirements are summarized in the following subsections.

2.1.1 Requirements from the SOR

In this subsection, major user functional requirements from
the SOR are summar ized. Irn those cases where the SOR

requirements have been amended by the Working Group, the amended

requirements are given.
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Since foreign nationals will need to access the testbed
MINET on a routine basis, only unclassified traffic will be
carried by the network. Nonetheless, the testbed design should
include consideration of encryption methods appropriate for
supporting unclassified traffic. A minimum requirement for the
testbed is that it protect against hostile exploitation of
aggregate 1logistics information transmitted through the network.
In support of this requirement, major links within the network

should be protected using cryptographic devices.

The testbed network is to be developed in four phases in
order to control costs, assess network performance, and further
evaluate MINET user requirements. The functions provided in each
phase are summarized here, and described in more detail in
separate paragraphs. Phase 1 provides a network of terminals
that can communicate wusing a standardized -electronic mail
service. Phase 2 extends the phase 1 capabilities by allowing
the terminals to query certain movements data bases in Europe and
CONUS. In phase 3, the phase 1 and 2 capabilities are extended
to support update of the data bases from the remote terminals.
Phase 4 includes the capabilities of phases 1 through 3, and also
supports direct transfer of data from one movements data base

host to another.

The phase 1 testbed network will provide electronic mail

service. This service will support real-time terminal-to-
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terminal conferencing, and management inquiries associated with
movements management and control. A major role of the electronic
mail service 1is to demonstrate how movements control can be

improved by access to more timely data.

In phase 2, testbed network terminal users will e able to
submit queries to and obtain responses from host systems with
movements data bases. Phase 2 will support cn-line editing and
verification of query forms in order to reduce errors and

facilitate rapid response.

In phase 3, testbed network users will be able to update the
movements data bases, subject to appropriate access controls.
Phase 3 will include tlre capability for on-line editing and

verification of data base update forms.

Phase 4 will support bulk transfer of information between
movemernts data base hosts. Once a terminal operator has
initiated the data transfer, the operation should continue

automatically until the transfer is complete.

The SOR contains a 1list of sites that will have MINET
terminals, as well as a list of the movements data base hosts
that are to be accessible to the testbed MINET users. During the
course of the design study, however, the set of MINET testbed
sites and data base hosts changed several times. On August 15,

1980, the MINET working group agreed upon a testbed network that

- 11 -
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would include 114 terminals at 80 sites, and which, starting in
phase 2, would provide access to 4 data base hosts. The most
recent list of sites and data base hosts are included 1in this
report; the hosts are 1listed below and the sites appear in

Appendix A.

It should be emphasized that a "site" is the finest-qrained
organizational subdivision that has appeared in the SOR or in
subseguent discussions. Thus, for example, the Karl Schurz
Kaserne in Bremerhaven has five MINIT sites: (1) Headquarters,
First Movement Region, 4th Transportation Brigade; (2) Traffic
Management Office (TMO) , First Movement Region, 4th
Transportation Brigade; (3) Headquarters Military Sealift Command
(MSC) Europe; (4) Military Traffic Management Command (MTMC),
Transportation Terminal Unit (TTU), Bremerhaven; and (5) the
USAFE Water Port Liaison Office (WPLO). Each site may have one
or more terminals, and each terminal may have one or more users.
The terms "site," "terminal," and "user" are useful in expressing
the requirements of the SOR. Furthermore, application of
communications technology typicaily groups sitec into "nodes."
For example, a telephone central exchange node serves a community
of nearby user sites. The 80 testbed MINET sites have been
grouped into 12 nodes, and the grouping of sites intc nodes is
shown in Appendix A. The justification for grouping the sites

into these 12 nodes 1is given in subsection 3.1. In the above
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example, the Karl Schurz Kaserne, which has five MINET cites, 1is
a single MINET node. Using this terminclogy, the MINET testbed
configuration has 12 nodes, 80 sites, 114 terminals, and some

larger number of users.

It should also be emphasized that there are two kinds of
hoct systems planned for the testbed MINET. The movements data
base hosts, which will be referred to as "data base hosts," are
to be made accessible to network users by phase 2. The
electronic mail hosts, or "EM hosts," which support the

electronic mail service, will be available in phase 1.

Of the four data base hosts which are to be accessible to
MINET testbed users, one is in Europe and three are in the CONUS.
The European data base host is DAMMS (Department of the Army
Movement Management System) at Camp King in Oberursel, Germany.
The U.S. data base hosts are the CAPS (Consolidated Aerial Port
System) of the Military Airlift Command (MAC) at Scott Air Force
Base, 1Illinois; the U.S. Army Materiel Development and Readiness
Command (DARCOM) Logistics Intelligence File (LIF) at the
Presidio, San Francisco; and the MTMC Eastern Area Terminal
Management System (TERMS) at Bayonne, New Jersey. All of these

hosts operate in an unclassified mode.

The testbed network facilities are planned to be available

for use 24 hours a day, seven days a week, with the exception of
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scheduled preventative maintenance. Operator support, however,
will be available on a more limited basis. The SOR does not
specify the operating schedules for the testbed data base host
systems; clearly the CONUS hosts must be accessible in the early
morning hours, local time, if they are to support inquiries from

the theater during standard working hours.

All equipment used in the MINET testbed must be able to
operate using 220 wvolt, 50 Hz. power sources. This will
eliminate the need for external power converters. Although it is
not required that the testbed hardware be Military Specificaﬁion
equipment, it should be resistant to normal shocks and vibrations

that may occur while it is being moved or serviced.
2.1.2 Requirements from the Site Surveys

This subsection presents the major user functional
requirements obtained during the site surveys. The requirements
for electronic mail service, although obtained during the site
surveys, are presented in the separate subsection on electronic

mail.

Terminals on the testbed MINET will be one of four types:
hard copy, display, portable, and bulk input terminals. Most
sites preferred the hard copy terminals in order to keep local
records of their transactions. Bulk input terminals, such as

terminals with card readers, are required by some sites in order
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to input manifest data directly to the data base hosts. Some
sites have existing word processing terminals which, if possible,

should be interfaced to the testbhed MINET.

The site survey showed that the testbed users are interested
in a formatted input capability. This will allow local editing
and varification of queries and updates. Most users interviewed
preferred to fill out a form on a terminal screen, which requires
a display terminal. However, a prompting scheme, which will work

on hard copy terminals, was also acceptable to those interviewed.

Access control facilities should be provided, both for the
data base hosts and for the mail in the electronic mail system.
Access control for the data base hosts must be provided by the
hosts themselves. An authentication and access control method
for electronic mail should restrict access to mailboxes to

certain user groups or individuals.

A means of allowing testbed MINET users %to communicate
directly with Telex wusers will be most useful, since many
locations involved in movements activities will not be MINET
testbed sites, but will have Telex terminals. Testbed MINET
users will wish to use the forms capability to compose and edit
Telex messages prior to sending. This direct Telex-MINET

connection can also allow Telex users to submit queries and

updates to the data base hosts.
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2.1.3 Requirements from the Design Study

In order to install the MINET testbed within a reasonable
time frame and with lowest possible risk, the testbed must be
based on ARPANET technology. The justification for this
recommendation can be broken down into five sequential steps.
First, a switched (rather than point-to-point) network is needed
given the large number of hosts and users which must communicate
with each other. Second, of the switched networks, packet
switching, rather than message or circuit switching, is most
appropriate. Message switching cannot provide the fast respcnse
needed for the MINET. Circuit switching would result in higher
line costs and offers no statistical multiplexing advantage for
carrying bursty traffic, while packet switching does. Circuits
would be required to connect each site or cluster of sites to an
electronic mail host, ard this topology, unlike the
packet-switched topology, is vulnerable to single line failures.
Third, of the packet-switched networks, a dedicated net serving
the military movements community is preferable to a leased
packet-switched service provided by common carriers. The common
carrier X.25-based services will not be available in all the
MINET countries in the required time frame. Further, the PTT
regulations restrict the options for gateway connections to other
nets, and trans-border data flow. Finally, there 1is no

off-the-shelf equipment for data protection over these networks.
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Fourth, of the dedicated packet-switched networks, those
developed by the U.S. Government are better suited to the MINET
user community than those provided by commercial vendors. This
choice allows the MINET to conform to the Department of Defense
Standard 1Internet and Transmission Control Protocols, which are
not supported on the commercial nets. Conforming to these
protocols allows the MINET to take advantage of «current
developments in network security as they become available.
Fifth, of the two possible U.S. Government-developed
packet~-switched networks, AUTODIN II and ARPANET, the preferred
choice 1is the ARPANET. The ARPANET is a seasoned technology,
while AUTODIN II is still wunder development. Furthermore,
ARPANET technology emphasizes widely dispersed nodes, whereas
AUTODIN II emphasizes fewer, higher volume nodes. Current
AUTODIN II plans call for only two nodes in western Europe, which
would force 1long access 1lines and result in lower overall
reliability. The ARPANET model, consisting of numerous, lower
volume nodes with nearby terminals, more closely matches the
needs of the MINET users. For these reasons, the MINET Testbed
Study has focused on providing a network that uses the ARPANET

technology.

A further requirement, which did not appear in the SOR but
which has been accepted by the Working Group and the General

Officer Steering Committee, is that the testbed deployment be
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divided 1into three stages. 1In each stage a portion of the total
network will be implemented: Stage 1 will include most of the
sites in West Germany and the UK; Stage 2 will include most of
the sites in the Mediterranean area; and Stage 3 will include
sites in Greece and Turkey, plus a few others. 1In terms of trunk
circuit quality and availability of hardware support, the Stage 1
area 1is 1lowest risk, while the Stage 3 area is highest risk.
Dividing the testbed deployment into these stages makes it
possible to focus on the lower risk areas earlier in the project.
Stage 1 sites are planned to be on the network one year after
initiation of the testbed MINET development effort. ftage 2
sites are planned to be on the net two years afterwards, and
Stage 3 sites are planned to be on the net three years after
development begins. Thus only in the fourth and final year of

the testbed program are all sites planned to be on the network.

Based upon the information received from the testbed MINET
Working Group and the General Officer Steering Committee, the
testbed user community will consist of 80 sites with one or more
terminals at each site, for a total of 114 terminals. The <total
terminal count does not include some word processing terminals at
some of the sites which may be used for access to the testhed
MINET. There are 43 sites in Stage 1, 24 sites in Stage 2, and
13 sites 1in Stage 3. Each site, together with its terminal

requirement, is listed in Appendix A.
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Another requirement identified during the design study is to
nrnvide a statistics gathering capability within the electronic
mail hosts. This will keep track of the quantity, length, number
of addressees, and other information about electronic mail
messages sent b the testbed MINET users. This information can
be wused to tune the operation of the network, and to serve as a

basis for predicting usage patterns in a full-scale MINET.
2.2 User Traffic Requirements

Tra. fic on the testbed MINET comes from a number of diverse
sources. Almost any type of communication mechanism currently
being used can be supplemented, or in some cases replaced
entirely by Electronic Mail (EM). In the following sections we
identify the sources of traffic and how they can be converted
into a commnan unit of measure for the purpose of comparison,
estimate the total traffic volume and flow, and discuss the

limitations of the data.
2.2.1 Sources of Traffic

Conversicns freom current communications methods will be the
initial source of traffic for the testbed MINET. Included are
AUTODIN, telephone (commercial, military, AUTOVON), Telex, and
other manual methods such as courier and physical mail. Most of

the Telex traffic and a large fraction of the AUTODIN and voice

traffic coculd be moved to MINET EM.
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2.2.2 Survey of Traffic Volume and Characteristics

Data for estimating the volume of traffic and its
distribution in t¢he testbed MINET was initially collected by a
survey of the sites involved. In this survey, each site was
asked to report the number of AUTODIN messages, Telex messages,
and phone calls it would exchange with each of the other
potential sites on the testbed MINET. We arranged the reported
data in three categories: AUTODIN, Telex, and Voice (commercial
phone, military phone, AUTOVON). A condensed version of the raw
data that was used 1in establishing the traffic volume and

patterns is included as Append’ B.

In addition to traffic volume and distribution, information
was also obtained about the characteristics of the traffic. It
was determined that an average telephone conversation lasted
about 5 minutes. The percent of each type cf traffic that could
be converted to EM was determined to be 50%, 75% and 50% for
AUTODIN, Telex, and Voice respectively. It was also determined
that there are approximately 30 1lines of text in a typical
AUTODIN or Telex message. Falf of the total traffic was expected
to occur during the busiest two hours of the day (the same two

hours for most users).

Some survey questions were not answered by many people and

cthers produced a number of conflicting responses. Our best
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estimates for these quantities are introduced in the following

sections as they become necessary.

2.2.3 Conversion of Raw Data to Messages/Month

We begin by converting raw data from the survey into units
of messages per month (msg/mo). By a message, we mean the amount
of information that is transmitted by one user to another user at
cne time (e.g., one Telex or one AUTODIN message). Our survev of
typical AUTODIN, Telex and EM messages on currently existing
systems showed that they are all in the range of 1200-1500
characters/message. This agrees well with MINET user estimates
of 30 lines per typical AUTODIN or Telex message. With 30 1lines
of 40-60 characters/line, we get 1200-1800 characters of data per
message. When we include the additional characters required for
the addressee line, subject line, message ID, date, time, and so
on, we have typical message sizes of from 1400-2000 characters.
To be on the safe side, we will use 2000 characters per message

as a typical message size in all further calculations.

Th: data received by us was reported in a number of
different units covering differing lengths of time. All AUTODIN
and Telex traffic was converted to msg/mo by using 30 lines/msg
and 20 working days/month as appropriate. All rounding 1is done

to give conservative estimates (i.e., higher traffic).
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The conversion from voice traffic to msg/mo is somewhat less
exact. Given that we have a 5 minute phone conversation as
typical, one must establish how m ny EM messages it will take to
replace it. We can consider three main types of phone calls:
calls to disseminate information, calls to get information from
someone who knows the answer we want, and calls to discuss
something with someone (conversational). The first type of call
can be replaced by one EM message since no response by the callee
is needed. The second type of call may typically be modelled as
two EM messages, one to ask the question(s) and one to get the
answer (s). The conversational type of call is much harder to
convert. Perhaps one person raises questions which the other
answers partially but then proposes alternatives or other
questions that the first person then answers, and so on, all in
the same phone conversation. This leads to at least two cycles
of the "ask-answer" sequence. On the other hand, sending EM to
another person might cause the sender to think more carefully
about the questions or to group many questions into one call that
might have previously required more than one call to answer.
This would tend to cause fewer EM messages than we might expect

from a direct conversion of telephone minutes.

The previous paragraph is only a partial discussion of the
assumptions that must be made in converting from voice minutes to

number of equivalent EM messages. Our purposes only require that

- 22 -




(¢

Report No. 4527 Bolt Beranek and Newman Inc.

we have typical values for all types of phone conversations
averaged together. For this, we will use 2 EM messages per 5
minute (or 1less) call. This should be close enouh and, if

anything, is probably on the conservative side.

2.2.4 Total Traffic Estimate

In addition to the potential sites discussed in the SOR,
there were a number of terminals and sites that were added at the
MINET workshop 1in GCermany during the week of August 11-15. Due
to the late date at which these were added, it was not possible
to get detailed traffic data for these sites. By consulting with
potential wusers at the August workshop, we determined that 200
msg/mo/terminal would be reasonable. Tnis is the number that we

used to estimate traffic for the 40 additional terminals.

Although our survey asked each site to report both number of
messages sent and received, most sites did not report messages
received. The few sites that did list messages received showed
them to be identical to messages sent in almost every case. This
is not surprising for Voice or Telex traffic: each of these is
addressed to only one user or office at a time. AUTODIN,
however, has the capability of multiple recipients which will
cause more than one copy of a message to be received for each one
sent. Furthermore, addressing to multiple recipients is typical

for many EM applications as well. Given the lack of survey data
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for messages received, as well as the differences in addressing
modes between Voice and Telex on the one hand and EM on the
other, we will use only the messages sent data from the user
survey. The next portion of our analysis concentrates on
messages sent {composed). Following this, estimated received
message traffic, based on experience with existing EM services,

will be incorporated into our traffic analysis.

The total estimated composed message traffic for the MINET
is just the sum of the three types of traffic as described above.
Applying the conversion factors discussed previously -- 50% of
AUTODIN at 1 Eif msg/AUTODIN MSG, 75% of Telex at 1 EM msg/Telex,
50% of Voice at 2 EM msg/5 minutes of phone call -- to the data
in Appendix B gives 5709 msg/mo for AUTODIN traffic, 3110 msg,mo
for Telex traffic, and 10724 msg/mo for Voice traffic. There is
an additional 8000 msg/mo from estimated traffic on the 40
terminals that are not included in the SOR. Summing these
numbers and rounding up to the nearest 1900 msg/mo gives a total
estimated testbed MINET traffic of 27,000 msg/mo composed. This
is the number we will wuse for standard peacetime operating
conditions in the fully deployed (Stage 3) testbed MINET. Note
that of the total, 30% is contributed by AUTODIN, 13% by Telex,

and 57% by Voice.

A discussion of traffic during peak loading conditions, and

of traffic during exercise conditions, can be found in snction
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3.1. Node-to-node flows showing exactly where the traffic
originates and where it is sent are shown in Figure 2-1. The
unspecified traffic flows of the 40 terminals added during the
August meetings are entered in the last column marked with an
asterisk. The nodes shown in Fiqure 2-1 represent the site

grouping shown in Appendix A.
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\RECD LON RDM BRM FRK RAM HDL STT NAP
SEND\
LON 135 35 138
RDM 3 9 45 6 3
BRM 111 393 601 570 105 82
FRK 51 205 480 2252 774 538 161
RAM 30 35 84 322 954 468 38 90
HDL 16 128 314 305 108 50
STT 16 96 207 213 217
NAP 148 90
SIG 115 1445
ROT 118 25 895
IST 40
ATH
USA 95 88 165

Figure 2-1 - Node-to-Node
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{«
SIG ROT IST ATH USA * TOT
- 28 35 43 1600 2014 LON
6 1000 1074 RDM
18 1600 3480 BRM
275 400 5136 FRK
25 40 437 600 3123 RAM
400 1331 HDL
200 949 STT
1195 1195 80 800 3508 NAP
[ 690 60 -200 2110 SIG
' 520 360 400 2318 ROT
800 840 IST
] 400 400 ATH
145 160 653 USA
TOTAL = 26926
traffic (Msg/mo) composed
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2.2.5 Correlation with Previous Experience

To ensure that we have not made some severe procedural or
arithmetic error, and that we have included all major sources of
traffic, we would like to have some way to judge whether this
number of 27,000 composed msg/mo is indeed reasonable. The data
shcwn in Figure 2-2 is the result of a study of typical patterns
of electronic mail use. It shows the number of messages sent and
received (sent/recd) per day by a typical user on the vertical
scale, and the amount of time he has been wusing EM on the
horizontal scale. For the business environment (where "users"
are "offices" which receive a lot of mail addressed to one or
many different people), the numbers shown are typica Ly somewhat
higher than fo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>