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PREFACE

The Military Operations Simulation Facility (MOSF) is a Rand
corporate laboratory that provides advanced distributed computer
hardware, software, and graphics capabilities to enable comprehensive,
coordinated computer-based strategic and tactical military analysis.

One of the purposes of the MOSF is to maintain various types of
military simulations and requisite data bases, e.g., geographic and
terrain data, target lists, military orders of battle, and road and rail
networks. The centralized nature of the facility and its architecture
provide the analyst with the ability to exploit a rich set of models and
data bases with relatively little start-up cost.

The design and implementation to date were supported by The Rand
Corporation using its own funds and by Rand's Federally Funded Research
and Development Centers (FFRDCs). The support of the FFRDCs--Project
AIR FORCE, the Arroyo Center within Rand's Army Research Division, and
the Office of the Secretary of Defense FFRDC within the National
Security Research Division--was a critical element of the work to date.
It represents a commitment to developing capabilities to enable Rand to
perform various client-requested strategic and tactical analyses.

The main purpose of this Note is to provide an overview of the
features of the MOSF for current and prospective users of the facility
and for those who are interested in the MOSF's general capabilities.

The Note is not intended as a reference manual or users' guide to MOSF
features. These will be provided in future documentation.

The MOSF is still in a developmental stage. Its mission and
fundamental architecture are well established and are documented in this
Note. Initial versions of some models, tools, and supporting data bases
are implemented and have been used in Rand studies. These are also
described here. The MOSF will continue to evolve and expand the types
of work that it can support. These efforts will be described in future
publications. Detailed information on work in progress can be obtained
from Jon Hertzog, the MOSF Director, or from Bart Bennett, the MOSF

Associate Director.
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I. INTRODUCTION

Rand's Military Operations Simulation Facility (MOSF) is a
sophisticated gaming and simulation laboratory that supports highly
interactive military analysis of strategic and tactical problems.

The MOSF was created to address some inefficiencies that Rand
encountered in its use of simulation and modeling in its military
research programs. These research barriers may be categorized as

follows:

. Analytic studies often must deal with complex issues in short
time frames.

. Substantive analysis requires robust, realistic data base
support.

. Computer models are fragmented. They do not communicate with
one another and they operate at greatly different levels of
detail, with very dissimilar user interfaces.

° Models have tended to be built for a particular study and then
discarded or forgotten.

i Hardware and software technologies are changing rapidly.

i Good technical people that understand both modeling issues and

current computer technologies are difficult to find.

Rand management responded to these issues with the creation of the

MOSF, which from its very inception had the goals of being:

. Interdisciplinary--combining the talents of the analyst with
those of the computer scientist and programmer.

N Interdivisional--building on the strengths and experiences of
the three Rand defense divisionms.

i Project independent--bridging the diverse range of simulation

and modeling projects in which Rand is involved.



The above goals were used as the starting point for the design of
the architecture of the MOSF. The MOSF architecture is summarized as

follows:

. Interconnected interactive work stations that access models and
tools and that genmerate color graphics for analysis. Supports
one- and two-sided strategic and tactical war games.

. Comprehensive modeling data bases (e.g., world geography, road
and rail nets) supported by a common data base management
system (DBMS).

. Models integrated within a common software framework, such that
analysts have a common user interface and a standard tool set
for comprehensive and efficient analysis.

. Configuration control on all components so that standard,
consistent software and data bases can be provided for analyst
use. This provides a repository for developed models, their
tools, and their data.

. Hardware and software based on emerging industry standards that
have a high probability of long-term survival. Attention is
particularly focused on retention of the large applications
software investment.

. Common facility where models and supporting tools are developed

and supported by a core staff.

The development of the MOSF is a multi-year effort, funded jointly
by three Federally Funded Research and Development Centers at Rand
(Project AIR FORCE, the Arroyo Center, and the Office of the Secretary
of Defense FFRDC) and by corporate research funds. This Note defines
the mission and architecture of the MOSF, describes its current
capabilities, provides examples of the kind of analysis that it

supports, and outlines future development efforts.



I1.  ANALYTIC MISSION OF THE MOSF

THE NEED FOR BETTER MODELING TOOLS

The MOSF meets a critical need for tools to analyze the more
dynamic aspects of warfare. A classical area of military analysis is to
determine the cost/benefit relationships of various investment options.
It is necessary to include the allocation of combat resources over the
course of a conflict to account for force employment concepts,
strategies, and tactics. Typically, computer models have not
represented adaptive strategy and tactics because these elements require
interactive simulations or, more recently, artificial intelligence-
based expert systems. Research topics requiring this type of analytic

capability are many. Two examples of interest today are:

The U.S. Army, lacking numerical superiority in the European
theatre, is considering moving from an army of attrition to an
army of maneuver. In that context, the important variables
become not just size of forces or types of weapons, but how they
are used. Appropriate tactics might resemble the harassment
maneuvers employed in Vietnam rather than the toe-to-toe

battles of World War II. But can a maneuver army win against
the Warsaw Pact?

Identifying the highest payoff missions in the allocation of
tactical air in support of the land battle requires complex
tradeoffs. Deep interdiction, for example, is a traditional
Air Force mission. But is attacking logistics really more
helpful to the ground war than attacking fighting units on the
front line? Can deep air strikes slow the Pact rate of
advance, or stop the formation of new Pact ground force units?

Answering these and similar questions requires (1) determining the
effects of a variety of dynamic factors, including the timeliness and
accuracy of information, anticipated Army and Air Force attrition rates,
and the survivability of our command and control system, and then (2)
translating these effects into battle outcomes and incorporating them

into an analytic model.



Modeling as a way of studying military issues has a very long
history. Traditionally, however, each dimension of the war has been
analyzed and modeled independently (shown as solid elements in Fig. 1).
To examine interrelationships, results from air, ground, and functional
area (e.g., logistics) models are compared and contrasted without
integrating mutually dependent interactions. In other words, this
modeling technique implies what no analyst would assert--that logistics
only marginally affects the air-land war, that the air-land war only
marginally affects logistics, and so on. Furthermore, analysts have run
models separately, passing the outputs of detailed models to the inputs
of more manageable, aggregated models. This approach contains the
underlying assumption that these dimensions are in fact linear and can
be decoupled without distortion. Thus, modeling tools critically
constrain the kinds of questions that can be addressed with credibility.

The analytic community has only just begun to model electronic
combat, and command, control, communications and intelligence.
Consequently, we are much less certain about how to build computer
models that capture these aspects of war. Yet assessing the

contribution of electronic combat and the value of information and its
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timing are also critical to understanding how to use force options most
effectively. In short, we must not only learn how to model elusive
phenomena such as the effects of electronic combat on the battle, we
must find ways to link all the dimensions of war in terms of their

effects on the battle outcome.

THE ROLE OF GAMING

Traditionally, the separate dimensions of war are linked by the
strategies and tactics that people use to coordinate the allocation of
resources and make decisions about their relative importance. For this
reason, the analytic community has in the past relied heavily on manual
or computer-aided war games to study strategies and to understand issues
such as the value of information. These games range from $20 million
field exercises involving thousands of men to more modest war
gaming exercises in specialized locations such as the Naval War College.
These games require extensive planning, take time to play, and have a
dominant training component that makes analysis difficult, and in some
cases, intrusive.

A few customized gaming facilities try to represent the dynamics of
war for analysis. These facilities are heavily computerized, and use
computers not only for bookkeeping chores but for a wide range of other
tasks, such as providing a detailed environment for the game--forces,
weather, decisions of other countries, and changes in strategies and
tactics. In some applications, techniques from artificial intelligence
can substitute for human players by generating decisions derived from a
complex set of rules. Rand's Strategy Assessment Center (RSAC)' and the

MOSF are examples of highly computerized gaming and analysis facilities.

'In the RSAC, analysts study strategy and tactics in a geopolitical
global war. To do this, they have linked an air-ground war model with
an artificial intelligence model of human decisionmaking. Analysts use
these models to examine some of the vagaries of geopolitical war: how
countries align themselves with other countries, how entangling
alliances develop, how different force postures affect decisions as well
as the battle itself, and how the decision to escalate to nuclear war
comes about.



The MOSF's focus is intratheater warfare: specific weapons
systems, employment concepts, and tactics. Models of the warfare
process are at relatively fine levels of resolution and include, for
example, data about divisions (or brigades) and sorties rather than only
data about corps and wings. Tactical games also consider elements of
maneuver, terrain, and weather. The MOSF thus provides a higher
resolution of detail than other gaming centers.

As Fig. 1 suggests, the MOSF also links the dimensions of war that
have traditionally been modeled separately. Software designers have
heretofore been overwhelmed by the discontinuities among combat
elements. Ground units, for example, move more slowly than airborne
systems. Hence, it is difficult to synchronize these and other time-
dependent combat elements. Furthermore, standardizing the effects of
various incongruent systems is extremely complex. The MOSF modeling
architecture is based on a modular design using object-oriented
languages; this design allows systems to be descriptively modeled
independently and still incorporate cross-system effects. Common data
bases and high-resolution graphics support the modular design and

provide insights for the verification of modeled systems.



ItI. MOSF ARCHITECTURE AND CAPABILITIES

The MOSF's hardware configuration and customized software are
designed to allow the analyst to investigate interactively the results
of alternative strategies and tactics. The MOSF's analytic mission

shapes the facility's unique characteristics:

i Highly integrated model and tool software environment

d Extremely powerful, distributed computer systems

. Heavy reliance on dynamic graphical input and output

d Substantial investment in both classified and unclassified data

base installation, management, and maintenance.

HARDWARE AND PHYSICAL FACILITY

The MOSF occupies approximately 2400 square feet and is a secure
facility for analysis at the Secret level. TFigure 2 shows the layout of
the facility. The basic hardware of the MOSF consists of a network of
seven independent computer work stations that can be flexibly configured
for use in either a war gaming mode to represent command sites of
different complexities or as individual analyst work stations.

The kinds of analyses for which the MOSF is intended require
powerful computational support. Many of the relevant data bases are
extremely large, each representing 5-10 million characters. The
simulations and graphical displays also demand substantial amounts of
on-line memory and processor power. For example, the full geographic
map® of Europe requires 15 megabytes of local memory, and the SIMSTAR
communications model? accesses 7 megabytes of memory. The MOSF uses a
distributed computer architecture that consists of a network of seven

Sun 2/120 microprocessors, each with roughly &4 megabytes of main memory

!The MOSF has implemented World Data Bank II as its world
geographic and political data base. This map data base was produced by
the Department of Commerce for the Central Intelligence Agency.

2SIMSTAR is a comprehensive communications model in the process of
being obtained from Air Force Studies and Analysis (AF/SASC).
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(Fig. 3). Each microcomputer has a 19-in. bit mapped monochrome display
terminal directly linked to a companion Chromatics 19-in. color graphics
display station (Fig. &4). The computers are connected over an Ethernet
Local Area Net via a 10-megabit-per-second communication link. Thus,
they can share data bases, communicate very rapidly with each other, and
share the computational load. Together, these computers have direct
access to over 1.7 gigabytes of shared on-line disk memory.

The MOSF network is linked to Rand's general-purpose classified
computers and to the RSAC computer network. The latter connection could
support future joint wargaming with the RSAC. Secure communication
links join RSAC and MOSF to Rand's Washington, D.C., office. A future
connection to the Military Network is planned, allowing direct
communication with the international secure military digital

communication network.

SOFTWARE

The development, maintenance, and use of computer models require
extensive resources. Historically, models have been developed and
maintained on a case-by-case basis, rarely taking advantage of similar

work done in other models. This causes two major inefficiencies:
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Fig. 4 -- Display terminal (left) linked to color graphics
display station (right)

(1) development and maintenance tasks must be replicated for every model and
(2) user training and education are different for every model. The
latter inefficiency is particularly pervasive, and must be alleviated so
that valuable analyst time can be used for problem solving, rather than
for model training.

One of the MOSF's major design goals was to alleviate the
inefficiencies associated with computer modeling. The MOSF designers
realized that it was necessary to provide a sophisticated, interactive,
heavily graphics-based, hardware work station environment. They also
knew that if the MOSF was to provide a truly responsive and efficient
user environment, there must be a software architecture that effectively
addresses user productivity questions.

The MOSF solution is a modular, layered software architecture that

cleanly separates distinct functions into different software modules.



...-ll..

This enables the use of a "building block" approach when constructing
new models or importing non-Rand models. TFor example, when a new model
is built, the designer has to concentrate only on those items unique to
his model. He can build upon the tools and facilities that already
exist, which normally comprise most of the model software. This
structure is even more advantageous when viewed from the analyst/user
point of view. No longer does the analyst have to learn a new
environment for every different model that he is using. The MOSF
provides the same user interface and operational environment for every
model, thereby greatly reducing the support and training time
requirements.

The subsections that follow the description of the general MOSF
software architecture show how the current set of models fits into this
architecture, and describe the generic tools that the MOSF provides to

enable standard data base and graphics operations.

Software Architecture

The MOSF presents a unique challenge to the software architect in
that two seemingly disparate design goals must be satisfied. The first
goal is to provide a flexible, dynamic environment in which new modeling
techniques can be investigated. The second goal is to furnish analysts
a stable, consistent modeling environment where serious research can
take place. The software architecture of the MOSF satisfies both of
these goals.

The MOSF software architecture is depicted in block diagram form in
Fig. 5. The architecture is in distinct layers (from top to bottom)
and, within each layer, in modules (from left to right). The advantage
of a layered architecture is that both users and software engineers need
only deal with the complexity of one layer at a time, thus avoiding all
the details and complexities of the lower layers. For example, a
user/analyst of the MOSF has only one user interface--the window
interface provided by Sun Windows, a very user-friendly system that uses
icons and an electronic "mouse" to guide the selection of options. The
analyst uses this same interface regardless of which model or tool he is

using. The benefits of this approach are obvious: the analyst has only
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Fig. 5 -- MOSF software architecture

one user interface to learn, and the software engineer has only one
interface to develop and maintain.

The next layer has four main modules: graphics tools, models,
model interface tools, and data base tools. User interface need not be
a consideration in the design of any of these modules because it is
handled by the higher layer window interface. Nor does the design need
to contain specific operating system or hardware details because these
are handled by the appropriate module in the next layer down. For
example, graphics tools need not be involved with the specific graphics

hardware on which they will operate--this is handled by the graphics



Plate 1—Sample IDAHEX game surface. Each hex
color-filled for terrain and overlaid with
transportation links and barriers

Plate 2—Chromatics screen (right) with Red and Blue
optimal aircraft allocations plotted using the
model interface tool to TACSAGE (Sun, left)

Plate 3—DAMSEL rail network around Berlin with
high-capacity links and node names




Plate 4—WINQ with window and file displayed on Sun
(left) and graphics displayed on Chromatics
(right)

Highways

Railroads

Plate 5—Comparison of DAMSEL highway and rail
networks around Berlin
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Plate 6—DAMSEL highway, pipeline, air route,
and rail networks




Plate 7—Individual Sun/Chromatics gaming cell (top)
and linked control room with large-screen
display (bottom)

Plate 8—1Illustrative ICBM trajectories and satel-
lite positions, from the Chromatics
display terminal
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interface module (Graphics Kernel System, GKS), the operating system
(UNIX?®), and the hardware (Chromatics).

In addition to the benefits mentioned above, the layered approach
provides freedom in the selection of hardware. To continue the graphics
example, as long as there is graphics hardware that is supported under
UNIX and the GKS, there is no need to change graphics tools' software.
Thus, if a more cost-effective graphics station is available which
satisfies the support requirements (and the MOSF has purposely picked
standards that are in wide use), it can be used in the MOSF without
modifying the graphics tools' software.

The other modules in the second layer behave in a fashion analogous
to the graphics tools. It is at this level that significant software
has been and will continue to be generated by the MOSF staff. We will
discuss the modules in the second layer in more detail shortly.

The third layer is composed of three modules: graphics interface
(GKS), model support routines, and a data base management system (DBMS).
The graphics interface module is based on the international graphics
standard GKS and is vendor-supplied. The data base management system in
the MOSF is INGRES, a relational data base system, also vendor-supplied.
The model support routines are an evolving set of common routines that
are generally useful for model development. These routines have been
developed at Rand and elsewhere. The fourth layer is the operating
system. This layer is the interface between the software discussed
above and the hardware. The MOSF uses UNIX (BSD 4.2) as the standard

operating system.

Models

Under ordinary circumstances, an important part of military
analysis is research logistics--e.g., locating the relevant data bases,
and finding and learning to use the appropriate models. The MOSF is
designed to eliminate much of this chore and give the analyst rapid
access to the best available tools for the research task. Initially,
the MOSF is installing and will maintain a comprehensive set of models

for tactical analysis. Future models will be added to enhance Rand's

3UNIX is a registered trademark of AT&T Bell Laboratories.
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strategic analysis capabilities. The criteria for selection include
thorough documentation, scope and level of detail of the models,
capability for integration, recognition by the military analysis
community at large, and realism. All of the principal models can be
modified, based on the results of combat exercises.

Models present some challenging configuration control problems.
Models typically evolve over time, and unless the analyst knows what
version he is using, he cannot make meaningful comparisons among
outcomes. The MOSF will maintain strict control over the models that it
installs, updating only when significant improvements have been made,
and carefully documenting each version.

The principal models currently installed in the MOSF are:

i TACSAGE /CAMPAIGN
i IDAHEX

Models planned for integration include:

¢ JANUS

. VIC

i SIMSTAR

¢  TSAR/TSARINA
. STOMPEM

* ESAMS

TACSAGE/CAMPAIGN is an air-land warfare optimization computer
simulator. CAMPAIGN is a piston-type ground attrition model. Linked
with TACSAGE, it determines air allocations so as to optimize measures
of merit, such as forward edge of the battle area (FEBA) movement, over
a fixed look-ahead horizon. The ground warfare can be played using
artificial intelligence engagement rules. The larger scope of CAMPAIGN
will eventually include logistics, weather, terrain, and other air-
land battle elements.

IDAHEX is a theater-level air-land battle war game, developed at
the SHAPE Technical Center in The Hague. This two-sided simulation is

played interactively by Red and Blue players, along with a controller,



on separate, distributed computers. It encompasses the essentials of
maneuver in a hexagonal representation of the playing surface; see Color
Plate 1 in the center section of this Note. The associated air module
(ACELAWS) is incorporated into the flexible code and data structures of
the original IDAHEX land battle simulator. Enhanced command and control
distribution and operational efficiency make IDAHEX an important
wargaming tool.

JANUS, developed at Lawrence Livermore Laboratories and at U.S.
Army TRADOC Systems Analysis Activity (TRASANA), is a combat simulator
for forces at the division level and below. The modular framework
provides for the modeling of a variety of weapon systems and/or
components to whatever degree of detail is desired. Analytic results
are augmented by high-resolution graphics which include maneuver and
three-dimensional terrain with line-of-sight calculations.

VIC (Vector In Commander) is the Army's corps-level air-land battle
model being developed at TRASANA. The model is written in SIMSCRIPT
II.5 as an event-stepped, deterministic, expected-value, two-sided
explicit representation of maneuver. Units are resolved to the level of
battalion for the Blue side, regiment for the Red side, with Lanchester
battle outcomes. The effects of weather, terrain, and time of day
impact on visibility and trafficability. Major force processes and
components present in the model include: maneuver unit combat; a top-
down hierarchy of command, control and communications; engineer
operations; target acquisition and intelligence; support fire
allocation; tactical air operations for close through deep battles; air
defense; and a logistical supply network.

Several other analytic models are planned for integration into the
MOSF framework. SIMSTAR is a detailed communication model for analyzing
the resilience of a variety of user-specified communication networks to
direct and indirect degradations. STOMPEM* is a "corridor" aircraft
penetration/attrition model which includes the major elements of
electronic combat. TSAR® is a detailed sortie generation simulation and

TSARINA* is a detailed airbase attack model, outputs from which can be

“These models have been developed and are maintained at The Rand
Corporation.
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fed into TSAR to affect the sortie generation process. ESAMS,® a
detailed physics model for analyzing one-on-one aircraft and surface-
to-surface missile engagements, is also being installed in the MOSF. A
typical relationship among such models is portrayed in Fig. 6.

Because these models provide simulations at various levels from
theater to below division, their results can be linked in very useful
ways. For example, an important application of the division-level
analysis will be to update the division-level information in the larger
theater-level models. At the moment, the armor-equivalent division
values are taken from World War II data. Using JANUS, analysts will be
able to explore new concepts of operations and their outcomes at the
division level and below, then use the results to update the more
aggregated models with better information. For instance, evolving
concepts of maneuver suggest that small groups of men armed with anti-
tank weapons could blunt an initial Pact attack. The MOSF models will
make it possible to explore how such tactics at the division level

affect the outcome in the theater at large.

Model Interface Tool

As shown in Fig. 5, the MOSF provides a model interface tool
allowing the analyst to access data from all the MOSF models with one
software package, rather than learning many different systems. The
model interface currently used in the MOSF is basically a breadboard
version, designed to demonstrate feasibility. It now provides an
interface to TACSAGE, an air-land battle simulation.

Some of the results of TACSAGE runs have been stored on disk.
Figure 7 shows how data from these files are listed as options for
display as X-Y plots. They include, for example, aircraft possessed
initially, aircraft possessed at the end of 20 days, sorties generated,
airbase attacks, and status of the ground battle. Color Plate 2 shows
the menu selections and graphs of the optimal sorties allocated for the

Blue (top) and the Red (bottom) sides over the first 20 battle days. To

*ESAMS was developed by BDM and is maintained by SURVIAC,
Wright-Patterson Avionics Laboratory.
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create this plot, the user puts the pointer controlled by an electronic
"mouse"” on the appropriate command and data menu items shown in Fig. 7.
By "clicking" the "mouse" at these locations, the model interface tool
sets the desired plotting environment and data elements. The interface
tool not only allows the user to plot data from a single scenario, but
additionally allows multiple scenarios to be compared and contrasted.
Ultimately, the model interface tool will allow analysts to display
the results of simulations in real time and to explore the results of

changing input data

User Interface V1.2 - Created 25 April 1085 ) ]

(Quit) Choose: { Settings Suggest_Changes 3

Plot Choices: {NIEHEETA Bar_Chart } Plot Type: { Additive Cumulative Both }

(Make_Chart) Graphs_per_Page: {Jjif 2 3} Plot Title: Blue: base.case
(Erase_Chart) Put_Next_Graph: {JJGIJ Middle Bottom } Dependent Axis Maximum:

Legend Type: {NEYEEICMENEN Side:_File (cur) (all) } Dependent Axis Minimun: 8

Input File: {JIECREISN high.f168 high.patriot (cur) (all) }
ariable Legend: A/C allocated--C
ariable Type Panel: { Off |ERXEREEECALIN Sorties Acft_Losses Airbase_attacks Ground Battle Cycle_1 Cycle 2 Cycle 3 Cycle d }

Side: {JJITH Red (cur) (all) } Variable Number: { 1 2 S ERS5 6 71} [Collect_Values]
1T Elust base,case (olue)
/6 allecated-—intergiction 1 AC_pos_ini | RC.pos.fin |Ac_repi_fin | RC.dam_unav [AC_dam_repa |[AC.fil.rem |AC_rep.ava |{AC_tot_ava
2 Blue: bize.case (greeny tot1 7 totss
VA LA L totat tot1.2 tot1 3 toti_s tots.s tot1s - X
31 Blue: base.case (red)
uei base.case AC_CAS.A11  [RC.IDI.A11 [RC_ID2_al1 [AC_0AS.all
totz_1 tot2.2 tot2.3 otz ¢
41 Bluer base.case (yellowy
A/C allocated--cas
AC_AD_al1  [AC_AE.A1l  [AC.OCA_al) |AC_DS_alt
tot2_s tot2_6 tot2.7 tot2.8

Fig. 7 -~ TACSAGE model interface tool



Data Bases

The detailed warfare analysis that is MOSF's charter requires a
substantial investment in both military and related civilian data bases.
Acquiring and screening data bases is a very resource-intensive
activity. Because data bases are continually updated, much effort is
required to request and obtain essential data from various agencies.

The existence of different versions and overlapping data bases raises
the spectre of inconsistency in the analysis and the possibility that
the conclusions of two studies might be sensitive to differences in
input variables from different sources.

The MOSF provides a centralized access to military and civilian
data bases. For security purposes, the configuration control system
ensures that every user possess a need-to-know in order to access a
classified data base. Data bases are updated regularly; thus, analyses
based on them will not differ because of inherent inconsistencies in the
input. The MOSF now has seven military data bases, including over 10
megabytes of data on the Warsaw Pact, an extensive Western European
logistics network, NATO force data, and over 100 megabytes of world map
data. Currently, the data bases emphasize Warsaw Pact and NATO
countries because Europe is the initial analytic focus of the facility.
Future data bases could easily include Southwest Asia, Southeast Asia,
and Central America.

In addition to military data bases, the MOSF is acquiring a number
of civilian data bases that describe the infrastructure of an area, such
as national and international air and communication networks and
terrain. These will also emphasize Europe, but can be expanded so that
ultimately they will describe the important infrastructure of the world.

All data bases, both current and future, are accessed and
maintained through the INGRES Data Base Management System. INGRES is
based on the relational model of data; that is, each set of data with
homogeneous attributes is collected in a tabular fashion. INGRES

provides the following advantages:



1. It imposes a relational structure on data that is easy for an
analyst or programmer to learn, and results in fast retrieval.

2. It is expandable in the sense that a number of analytic tools
can easily be built on top of it. WINQ, described below, is
the first of these tools.

3. It operates as a central access mechanism for data. All
requests for data must go though INGRES. Thus, the interface
between each data source and a specific analyst tool--such as
graphics--need only be written once.

4. INGRES allows a variety of data structures, and great
flexibility in how they are used. For example, the user can
designate how the various attributes should be combined.
INGRES creates indices that reflect these fields, and when
queried, will select the best index to use for retrieval unless
the user has designated one. These kinds of default

specifications make INGRES easy for the novice user.

The eventual MOSF software implementation will include a number of
tools for accessing and displaying data from the various data bases.

The first of these tools is WINQ (Window Query). The format of the WINQ
screen is shown in Fig. 8. The message window at the top (A) identifies
the data base and the specific table in use. (Because INGRES is a
relational data base, it stores data in two-dimensional tables. Each
type of data can have several attributes that act as column heads, and
the data instances are specified under each of those column heads for
each item. INGRES calls these tables relations. Thus the terms table
and relation are basically synonymous.)

The next window is a command window (B). It allows the analyst to
select a data base, a table, a list of attributes, and any qualifying
elements, then retrieve the table from INGRES and put it into a file
from which the data can be displayed graphically, scanned by the analyst
or printed as hardcopy.

The third window controls what appears on the screen below (C).

For example, the verbose mode expands acronyms. A special feature of

this window is a suggestion box which will eventually accompany all MOSF
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tools. It is designed to provide prompt and detailed feedback to the
tool designer and implementer, who may be unavailable when the user
experiences some problem. The analyst describes what went wrong while
it is still fresh in his mind; the message is automatically forwarded to
the tool designer and implementer.

The final window is the selection window (D). It provides the
analyst with a list of the kinds of data he can access. For Figs. 8 and
9, we have chosen the DAMSEL logistics data base. In Part 1 of Fig. 8,
the analyst has used the "mouse' to select DAMSEL. The window then
changes (by selecting Relation in the command window (B)) to what is
shown in Part 2 of Fig. 8--the two relations available for DAMSEL:
terminals and links. A descriptor field shows what information is
available for the relation (e.g., "terminal" contains information on the
"Transportation network terminals (or nodes)'"). The user next selects
the "terminal" relation by using the "mouse." Now the window changes
(by selecting Attribute List in the command window (B)) to what is shown
in Part 1 of Fig. 9, listing the attributes available. TFor example, the
attributes available for terminals include their location, names,
vulnerability, throughput capacity, loading and unloading delays, and so
forth. In this example, the user selected "mame, latitude and
longitude" with the "mouse." Finally, the user may wish to obtain a
subset of the data base, say for a specific country. After selecting
"Qualifications" and the "country" attribute, the window changes to Part
2 of Fig. 9, showing the attribute value(s) available. Here the user
has chosen "Austria, West Germany, and Switzerland.”" These operations
define the query; the actual data are obtained by selecting Retrieve in
the command window (B).

Once the analyst has selected the attributes of interest, he can
further qualify them--for example, in the case of terminals, he might
choose only those in East Germany, or only terminals that have a minimum
capacity--and then direct the resulting file to the graphics display. A
number of relations can be displayed at once. For example, Color Plate
3 shows the place names (station or nearest city names) for DAMSEL rail
nodes, high-capacity rail links (in white), and the East German

geopolitical and rivers map surrounding Berlin.
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In summary, WINQ represents the basic tool for the analyst to use
in examining static data bases like DAMSEL, but its design is still
evolving. Using the current interface between the data base and the
display requires a more detailed understanding of the software
architecture than is desirable, given the MOSF goal of making computer
tools readily available to analysts from many fields. The eventual
system will provide a more transparent interface between the analyst and

the data.

Graphics

Graphics are a rich, expressive medium for thought that complements
analytic thinking and offers quick, unexpected jumps and connections.
Graphic displays make clear relationships that lists of numbers or
inches of computer printout obscure. In some cases, graphic displays
allow the analyst to see significant patterns for the first time because
they visually synthesize multiple parameters too complex for the brain
to process individually. Furthermore, critical errors and omissions in
data bases can be readily seen. Because the analytic problems that the
MOSF is designed to attack are extremely complex, our hardware and
software architecture provides very interactive, very high performance
graphic displays. And because a major goal of the MOSF is to encourage
analyst use of state-of-the-art modeling tools, the graphics
capabilities are provided in an environment that supports rather than
intimidates.

The underlying graphics software is the Graphics Kernel System, the
new international standard for graphics languages, coupled with the Sun
Microsystem "windowing" facility. To access the system, the user need
only type a log-in code word. All other access is controlled by a
picture-driven menu and an electronic "mouse" that is used to select
items on the menu, much like the process for accessing data bases
described in the previous section. This environment, developed by Xerox
and made popular by Apple Macintosh, makes it possible for the
noncomputer-conversant military analyst to become familiar enough with
the system to begin substantive work almost immediately. This ready

access becomes a powerful catalyst to analysis because it allows an
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expert to follow lines of inquiry that his experience and trained
intuition suggest are fruitful, and to display the results of queries in
a way that he can easily grasp. For example, the analyst can easily
enlarge a section of a map, look at the relationship between features
such as rail lines and highways, and quickly see the results of
different concepts of operation or different weapons systems by
displaying the results of simulations. Colors and symbologies are
selected to maximize the ability to distinguish items, minimize the
interference from color distractions or overlapping symbols and, hence,
enhance pattern recognition.

Highlighting the many advantages of high-resolution graphics in
support of analyst activities does not imply that MOSF restricts the
means by which the analyst can use the data bases and related
statistical tools. Analysts must be able to query the data bases about
the numbers underlying a graphic display. It is also desirable to
capture in a listing or a quantitative plot the inherent assumptions and
conditions of various aspects of the analysis. The MOSF software
supports these fundamental query and statistical functions. For
example, the nodes of the European rail network (part of the DAMSEL data
base) can be plotted with their respective capacities. Additionally, a
separate file can be created that includes the place names (nearest
city), latitude, and longitude of each node (Color Plate 4). Any other
subset or ordering of the various attributes, such as travel capacity,
can as easily be obtained. Thus the system allows the analyst to
explore insights as well as analyze hard numbers, and to move easily
between these modes.

In sum, the graphics capabilities of MOSF make the computer system
adjust to the way in which the analyst naturally works rather than
requiring the person to adjust to the computer's mode of operation. The
following example shows the powerful analytic benefits of that

orientation.

The MOSF acquired a logistics data base that described the
network of roads and rail lines and pipelines in Western
Europe. The data base had been used for more than five years
in logistics analysis. When MOSF staff displayed the data
base graphically--a capability that previous users did not



have--they saw some very strange patterns (Color Plate 5).
The road network around Berlin was shown as a beltway circling
the city with six or seven other roads intersecting it.
Detailed road maps of Berlin show that this configuration is
correct. However, when the rail network was overlaid, the
resulting pattern was not a beltway but a star, with eight
rail lines coming to a point in the center of Berlin. From a
military standpoint, such a configuration would be extremely
vulnerable; the star constitutes a critical node whose
destruction would be disastrous to much of the rail network.
The staff felt intuitively that the rail portion of the data
base was wrong. When they consulted the detailed map, their
reservations were confirmed; the rail configuration is
actually very much like the road network--a circle around the
city with intersecting spurs.

How did this error occur, and why had no one discovered it before?
We can only conjecture about the first question. The person digitizing
the rail data was not the same person who coded the roads, and perhaps
through inattention or inexperience, the rail coder simply put down
Berlin as the end point of all the rail links. It is easier to
understand why the error had gone unnoticed in five years of analysis.
Numbers by themselves do not readily yield patterns, so it would have
been difficult for a user to recognize the incongruity of the rail and
road configurations. But this incongruity was immediately apparent in a
visual display. This example demonstrates the enormous power that
interactive graphic displays bring to the analytic endeavor.

GRIT is a special GRaphics Interface Tool built on top of the basic
graphics software, the Graphics Kernel System. The purpose of GRIT is
to provide quick and easy geographic mapping. Figure 10 shows the
initial menu set available to the analyst. Through these and other
submenus, the analyst may easily access a variety of fundamental
graphics operations. The top window (A) contains general command
buttons for quitting, clearing, or pausing the graphics process. A

"pull down" menu buttons (buttons which will allow a further

variety of
list of command options to be displayed and selected) are shown in
subwindow B. For example, the CURRENT MENU button allows the user to
select a variety of submenus (displayed in subwindow C), including
device settings, line or point plotting, projection systems, and other

parameters. The submenu for device settings (C) contains a selection of
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graphics devices, video output (to the monitor or large-screen display),
and to display the pan and zoom panel (shown in subwindow E). Other
menu buttons in (B) allow the user to select plotting and projection
systems, raw data quantity and display, and plotting style, width, and
color.

Once GKS has retrieved raw data, the image can be stored in a form
that is directly readable by the graphics program. The analyst saves
these images by supplying a directory path and file name to the STORE

SEG button in subwindow D. The analyst can immediately display any of
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these "canned" graphics, called graphics segments, simply by designating
it next to LOAD SEG in subwindow D. This subwindow also allows the user
to select the display priority of graphic images which overlap, make the
segment visible or invisible, scroll the list of segments, or delete a
segment.

The final subwindow (E) provides the user with "soft keys" which
perform specific operations. In the upper left, a set of buttons allows
the user to move the graphics image in any of eight directions. The
middle six buttons allow the user to change the pan, zoom, and rotation
factors. In the sixth column are the soft keys for zooming or rotating.
On the right are the buttons for three-dimensional plotting and
rotation. Finally, user-defined graphics segments are directly
available in the remaining soft keys. For example, the European
highway, railway, and pipeline systems or the military corridors and
zones used in the TACSAGE/MASTER models may be displayed by selecting

the respective button (see Color Plate 6).
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IV. MODES OF ANALYSIS IN THE MOSF

The MOSF supports two kinds of analysis: individual analysis at

small work stations and computerized gaming.

INDIVIDUAL ANALYSIS

The MOSF's powerful computer work stations make possible military
analysis that is analogous to computer-aided design (CAD) in which
designers and engineers seek optimum solutions by using computers to
give them rapid feedback on the results of design changes. In the MOSF,
analysts can quickly change input conditions and will be able to display
the results of simulations graphically in real time. The ready
availability of appropriate models and data bases allows analysts to
explore the effects on the battle of different concepts of operations or
different weapons systems.

In an open environment (Fig. 11), an analyst may use any of the Sun
terminals to access the common data base (supported by INGRES), run
models, or generate graphical images. The distributed architecture
gives the analyst the speed of an individual computer work station and

the free access to the central data storage.

GAMING

The MOSF's second mode of analysis is computerized gaming in which
two to ten analysts participate (Color Plate 7). The individualized
work stations can be reconfigured to represent command and control sites
of various sizes. The partitions isolate the game players, but allow
interactions through the computer network. From the control room,
umpires can manage and observe the entire game. Large-screen computer
graphic displays allow many people to watch the game in process, or to
replay significant events.

The evolution of MOSF gaming will be heavily computerized.
Computer models simulate dimensions of the battlefield; of the air-
land battle; and of logistics, communications, and intelligence systems.

In the process of the game, analysts can explore how these dimensions



Fig. 11 -- Multiple Sun/Chromatics work stations portrayed in an open,
individual analysis environment

interact, experiment with alternatives, examine how limitations of
various kinds might change the battle outcome, and identify
opportunities--for example, those that might arise on the electronic

battlefield.
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V. MOSF USAGE

Since the MOSF is still in its development phase, no sustained
analysis has yet been completed in it. However, some recent research
under the Strategic Defense Initiative (SDI) exemplifies the kinds of
problems that it is designed to address and the manner in which the
facility's unique capabilities shape the work.

One of the problems in examining the options in the SDI arena is
that it is extremely difficult to conceptualize the issues. For
example, some SDI concepts involve up to 24,000 satellites. The
quantity of data and options requires superior data management
capabilities. The complex geometries involved in these and other
similar military systems can best be understood by graphical
representations. Visual portrayal enhances analytical perception of
patterns and groupings. For example, displaying the constellations as a
graph vividly shows just how dense a coverage is possible.

Having a concrete sense of the density changes one's perspective on
other issues. Some people conjecture that SDI will be indefensible.
But architectures with 24,000 rocket-propelled interceptor satellites
are very defensible because there are no high-value targets. Shooting
at 24,000 satellites would produce unacceptable delays.

Color graphics also allows multiple dimensions to be depicted on a
two-dimensional geographic display. In this connection, the MOSF staff
examined the problem of Soviet defense suppression attacks on an SDI
satellite configuration (Color Plate 8). Color is used to show the
geographic location of the satellites, those satellites which could be
attacked just before a war, and those which would be in position, at a
later time, to suppress ICBMs. The graphic display highlights the
complex geometry, distributed over time, and shows the disjunction
between those satellites which could be suppressed and those that could
shoot down Soviet ICBMs.

The complexities of military systems such as the SDI become more
manageable under the MOSF architecture. Modeling and data base

management tools alleviate inconsistencies and increase the speed of
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analysis. Graphic display enhances intuition and provides insights into
the quality and accuracy of data and modeling results. These combine
within the MOSF to provide significant increases in the quantity and
quality of analysis.

In the near future, Rand research efforts on alternative defense
options for NATO, Air Force interdiction strategies, and electronic
combat in support of NATO defense suppression operations will be using

the MOSF to aid in their analyses.
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Vi. FUTURE DIRECTIONS FOR THE MOSF

The MOSF is designed to provide an environment for the noncomputer-
oriented analyst in which the power and flexibility of state-of-the-
art computer-based modeling tools are readily available. The MOSF is
also designed to provide an environment for the computer systems analyst
in which models and tools can be efficiently developed and maintained
within the context of a sophisticated layered architecture.

Even in its current developmental state, the MOSF has begun to
fulfill its promise. Future work will continue to improve the overall
modeling architecture to provide easier integration of analytical
simulations, to enhance the graphics, data base, and other interface and
utility tools, and to add other simulations, models, and data bases. The
development of man-machine interfaces will continue to provide a rapid
initial capability for novice users, and significant power and
generality for more frequent users. These combined tools will promote

more efficient and complete analytical research.
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