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ABSTRACT

Results obtained from field experiments and computerized combat

simulation models are among the most important sources of data used by

é combat developers to design the Army of the future. Ideally, field

. experiments should provide combat developers with data concerning
human interactions with new equipment, new tactics and new training
techniques. These data would then be used as inputs to combat models
for sensitivity analyses and force optimization studies. On the other
hand, exploratory tests could be run on computer models to assist in
field experiment design. Unfortunately, this is not always the case. .

This thesis discusses this problem, which evolved from the

F ; separate development of the Army's more important models and field

experiments, and then demonstrates the lack of a common data interface
between them. A data schema is proposed that will help solve the

interface problem, particularly for future experimentation and model

improvement work. The type of data to be collected are defined, and
their sources are identified, using common Army planning and training
tools. A technique is then developed that helps describe the more
important events underlying combat processes. Finally, an example
problem is given that demonstrates the use of the technique by inter-
facing the data obtained from a reconstructed trial from the TETAM
field experiment with the DYNTACS combat simulation model.

The methodology developed in this study supports future efforts

to improve combat models through field experimentation.
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| CHAPTER 1
' INTRODUCT ION

General

The development of new or improved combat equipment, tactics
and force structures is an expensive task in terms of time, personnel,
equipment and other resources. The combat developer can reduce this
cost if he can demonstrate the relative effectiveness of new or improved
systems early in their development so that 1imited resources can be
concentrated on systems, or their alternatives, that demonstrate the
highest potential payoff. Most techniques available for making this
discrimination require significant amounts of data in order to differ-
enfiate among systems development options.

Data describing the operation of a new or even a hypothetical
system in the laboratory or a similar controlled environment are
fairly easy to obtain. However, weapon systems must be operated by
humans in a hostile environment and relevant performance data of this
type are not always available. Since wars of the future may be fought
differently than those of the past, data obtained during past conflicts

may not be applicable. Historically, many armies that have optimized

their forces based on lessons learned in past conflicts have eventually

met with disaster.

P e TN U awey

There are several ways to gain insights into the manner in
| which future wars will be fought, however. Among the possible sources
of relevant operational data are map exercises, computerized combat

simulation models and field experiments. Map exercises provide

operational data of limited accuracy for most combat development
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applications outside of the relatively subjective areas of command
and control. The latter two sources of operational data are widely
used by combat developers. Their utility is continually increasing
concomitant with improvements in computer technology.

A problem often arises when both models and field experiments
are ised to examine the same system, because the results may be
difficult to correlate. This correlation problem is often attributable ?
to the fact that the computer model operates on a set of state variables |
that is different than that examined in the field experiment. As a

result, the input data requirements of the model are not satisfied to

the degree necessary to achieve comparable results. Some characteris-
tics of field experiments and computer models are discussed below.

Field Experiments

Field experiments have provided weapon effectiveness data for

years. The advent of the computer and other modern electronic equip-

ment, however, has significantly increased the capability of combat
developers to both collect and process field data that describe the
interactions of the human operatorbwith the weapon systems. Still,
field experiments are a form of combat simulations because some, but
not all, of the processes involved in actual combat can be recorded.
For example, they probably underestimate the effects of fear on the
outcome of the battle. None the less, modern electronic equipment
permits "real-time" casualty assessment in field experiments by the
application of weapon effectiveness data to firers and their targets.
Firer and target pairs, for example, can be-matched using a system of
lasers and laser sensors, while other equipment locates and identifies

individual systems on the battlefield. The Tactical Effectiveness




Testing of Antitank Missiles (TETAM) 1 field experiment is an example

of a test that used modern data collection equipment. The experiment
was conducted by the US Army Combat Developments Experimentation
Command between October 1971 and December 1973 at a cost of well over
g $1 million. The experiment had three principal objectives, one of
which was to provide data to validate three of the US Army's high
resolution computerized ground combat models. IOne of these, DYNTACS,

is discussed in the next paragraph.

Computerized Combat Simulation Models

Computerized combat models are a relatively new combat develop- |
ments tool. Their development has been encouraged by the fact that
their application is relatively inexpensive compared to field experi-
ments. They are particularly useful for additional experimentation,.

such as sensitivity analyses. On the other hand, the evolution of

such models has generally been characterized by the requirement to

investigate a unique system where the underlying processes were not

Beii i

well understood, and for which only hypothetical data existed. As a
result, some of their state variables that describe the environment
and characteristics of a particular system may not correspond to the
real world. An example of this is the DYNTACS detection submodel. 2
DYNTACS is a large model, consisting of about 30,000 1ines of FORTRAN
coding. It currently requires about 1 megabyte of core on an IBM System

370-165 for an attacking battalion vs defending company scenario.

Each replication takes about 60 minutes of CPU time to execute. The

output of DYNTACS can be tailored to the ugér's needs; however, the

input requirements are detailed and voluminous. It takes anywhere

from six to 12 weeks for experienced modelers to set up a new DYNTACS

T e
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scenario, still a relatively short time period when compared to a
large scale field experiment 1ike TETAM.

Field Experiment - Computer Model Interface

At first glance an obvious way to circumvent the cost and data
i" collection problems associated with combat developments would be to
conduct a field experiment to identify data requirements and then use
the vesults as input to a computer model. The computer model could
then be used to conduct sensitivity analyses, thus reducing the overall
cost of the experiment. Unfortunately, most computer models were
developed independently of field experiments and the resultant data

incompatibilities are presently difficult to surmount. Some of these

; are discussed in chapter 4.
Scope

This paper develops techniques to reduce field experiment-
computer model incompatibilities. The techniques are designed to
make maximum use of data collected in the field. Since more factors
are controlled in the models than in field experiments, the technique
is not designed to produce precise correspondence between the two.
Rather, the objective is to develop a means to rationalize the results
of the two sources of operational effectiveness data. In other words,
the distribution of the results should be the same in a statistical
rather than in the absolute sense, permitting similar conclusions to
be drawn from the results of each. Since field experiments are a
computer model's most important 1ink with the real world, the’
methodology iS intended to introduce discipiine into the data.
development system.

There are at Teast two benefits that can be derived from a




more disciplined approach to field data collection. First, it

provides the capability to continually build a model data base,
regardless of the general purpose of the particular experiment(s)

from which the data have been obtained. For example, the target
detection process may not differ between two field experiments, one of
which investigated new weapon system alternatives and the other of
which was designed to investigate alternative tactical employment
techniques for the system that was selected in the first experiment.
Properly collected detection data would be used to refine detection
model data bases in an evolutionary fashion. The evolving model data
base would eventually be able to reproduce those rare events that may
occur only once or twice in any particular experiment. Once a
standardized data collection schema is established, the cost of
cotlecting the additional data would be minimal. A second major
benefit would be the capability to analyze older data from a completely

different perspective; i.e., as new hypotheses are formed from data

collected from other sources.
Organization

The next chapter contains a discussion of a set of data
definitions. These definitions provide insights into how the different
types of data should be collected. A schema for classifying and
recording the data is also developed.

Chapter 3 develops a methodology for identifying the sources of
data described in chapter 2. The methodology is applied to the TETAM
experiment in chapter 4 and inputs to the D*NTACS model are discussed.

Conclusions and recommendations are contained in chapter 5.
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CHAPTER 2
TERMINOLOGY

W

Introduction |

This chapter introduces terms that will be used in the remainder 2
of this paper. The concept of a combat process and the activities and :
events that underlie a process are discussed first. Definitions of |
the types of data that describe an event are then given. Finally, a
means for recording these data is developed.

Combat Process

A combat process is a series of activities executed by
individuals and crews that are intended to conform to an operational
plén. The plan is one that has been designed to achieve a goal, such :
as defend a position, attack and secure a position, or destroy a
target weapon system. Two examples of combat processes are 1isted
in table 1. A combat process is made up of one or more activities
that take time to accomplish. Activities have a definite beginning
and end, called events, with each event occuring at a different
point in time. The concepts of combat processes, activities, and

events correspond closely to the way these same terms are used in

project evaluation and review techniques (PERT), for which there are
many references in project management 1iterature.

Activities and Events

Although it was stated above that each activity has a beginning
and an end, technological shortcomings in data collection equipment

may preclude the precise measurement of individual times for some

o O
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types of events. This is especially true for events that occur in
rapid succession. The relationship between an activity and its

events is illustrated in figure 1. As the difference between the
firing time (tf) and the impact time (ti) decreases, it may become
difficult to measure the length of the engagement activity (t; - te).
Thus the two events could merge to one and the identity of the activity
could be lost. An example of this is a tank firing a fast round at a
close-in target. (

On the other hand, an engagement of a tank by an antitank
missile (ATM) system would be delineated by the firing and impact
events separated in time by the relatively siow flight of the missile.
Because the same type of activity is occurring in either case, the
capability must be provided to describe the events, even though it may
not be possible to measure precisely their individual times of
occurrence.

The terms process and activity will be used mainly as a
convenient means of grouping several activities or events, respectively,
for discussion purposes. Identifying the events that delineate an
activity is crucial to a disciplined data collection effort, however.
Thus, the remainder of this study is devoted to developing methods to
identify and label the events that take place on the battlefield,
because event labels provide a convenient means for organizing and
storing data that are collected from field experiments or from
computer models. The types of data that are of interest are discussed
below. :

Types of Data

For the purposes of this discussion data can be broken into two

R eneet
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general categories; quantitative (objective) data; and qualitative

(subjective) data. The importance of identifying and collecting
qualitative data is often overlooked.

Qualitative Data

Qualitative (subjective) data are generally those that answer
the "why" and "how" questions. Collection of such data requires a
value judgment on the part of the datg collector or controller of an
experiment. The term "information" could be substituted for the term
"qualitative data" because an interpretation of such things as the
tactical plan; the degree to which the plan was properly (or improperly)
executed; an evaluation of the training, morale and capability of the
participants; etc., is required. No qualitative data are derived from
computer simulation models, although it may be necessary to use these
types of data as inputs to such models. Therefore the discussion of
qualitative data in this paper refers primarily to field experiments.
In large scale field experiments, subjective estimates of the conditions
that exist at the time that certain events occur can be important teo
an understanding of thebphenomena affecting a process under examination.

The need for such estimates may not be recognized by the proponents of

the experiment until it is too late. Conversely, the conditions for
which qualitative estimates are required in field experiments are
usually assumed to be optimal in computer simulations. For example,
computer model plans are always executed perfectiy, implying a high
Tevel of training, yet we know that high levels of performance are not
always achieved by the participants in field experiments. On the
other hand the "Hawthorne" effect is often observed in experiments

involving human subjects. The point is that care must be exercised
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to at least identify the existence of such effects even if 1t is

not possible to eliminate them. In any case a schema is required
to permit such judgments to be recorded for subsequent analysis.

Quantitative Data

Quantitative datd are those that are readily reduced to numerical
form for mathematical and/or statistical analysis. However, it is
important to recognize the source apd use of such data. For example,
higher levels of data, such as a vehicle's speed between twc points,
need not be collected when data reflecting the location of the vehicle
at two different times is known,because the former data become
redundant. The discussion up to this point illustrates two sub-
categories of quantitative data; state and derivative data. State
data describe the conditions defining a particular event; e.g., the
time, location and vehicle involved in a movement activity. Derivative
data describe the activity by giving the vehicle speed at a certain
time in the battle. If the locations of the vehicle are not recorded
and derivative data are, critical information may be lost for
posterity. This is pérticu1ar1y true if field experiment data are to
be used as computer model inputs because average speeds are meaningless
to most high resolution models of any interest, if the location of the
vehicle is not also known. On the other hand, if the basic location
and time data are recorded then the computation of the average speed
is a simple matter. A third subcategory of interest will be called

characteristic data. Characteristic data describe the performance

characteristiés of a system. This term may be somewhat ambiguous
because data in either of the other subcategories can also be

classified as characteristic, depending on the situation under
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investigation. For example, the probability of hit for a direct fire

system engaging a target can be either mathematically modeled or
obtained from tables. In either case it is characteristic data and is
used to facilitate the collection of the results of the engagement.

On the other hand, if the purpose of the experiment is to determine
the accuracy of a system through firing tests, then the actual impact
point of the individual round is a state datum and the computed
probability of hit or ki1l from several firings are derivative data.
The relationship between the various types of data defined above are
illustrated in table 2 for the firing activity in an engagement process.
The iillustrated activity consists of two events; a firing event and
its attendant impact event. The data answer the questions who, what,
where, when, and why of the events and thus describe what occurred.

Data Collection

1t was pointed out in the first part of this chapter that combat
processes, such as the antitank missile engagement process, can be
envisioned as a series of events and activities. Both quantitative
and qualitative data can be used to describe these events and activities.
The many uses to which test data can be applied subsequent to an
experiment beg a consistent and simple data formating system. At
least equally important is the requirement to identify the events and

activities for which data must be collected. Recent studies have

indicated serious shortcomings in both the fidelity of combat process
representation and the compatibility of many of the US Army's most
widely used combat models. 4 While many of these models are event-

sequenced, the types of events that are used in one model are not

necessarily those used in one or more of the others. This fact is
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demonstrated in table 3 for one process, antitank guided missile
engagement. The remainder of this chapter contains a description

of an event classification system that is designed tc overcome the
problem of state data incompatibility by providing a classification
schema. The schenta can be expanded to keep up with advancements in
the state of the art of ground combat field experimentation and to
facilitate improvements to combat models. While this classification
schema is primarily intended to handle quantitative data, provisions
will be made to apply certain qualitative estimates to appropriate
data points. A list of events that are important to the engagement
processes of tanks and ATM is included for illustrative purposes. Some
desirable characteristics of an event classification schema are stated
in the next paragraph.

Desired Characteristics of an Event Classification Scheme

The philosophy underiying the scheme presented below is that it
should facilitate the complete reconstruction of the individual trials
of the experiment from which the data were collected. One important
application of such a reconstruction is a computer graphics playback
of the major events of each trial for either training or data analysis
purposes. Since advancement of the state of the art of computerized
combat modeling is a goal of several US Army agencies 5. the classifi-
cation scheme must provide a complete, and unique, set of state data
for each trial commensurate with the data collection equipment
available. This will facilitate further examination of underlying
processes and permit trials from different éxperiments to be compared,
even though the number and accuracy of the data points may vary widely.

Finally, the schema must make provisions for the collection of all the




Table 3. Model treatment of the antitank guided missile
(ATGM) system engagement process

° Process Carmonette DYNTACS-X BLDM TRACOM
Establishment of Pre- Pre-
intervisibility Yes Yes processed processed
Detection:
Firing-cued Yes Yes No - Yes
Non-cued Yes Yes No Yes
Acquisition Yes Yes Yes Yes
Identification No Yes No No
Range estimation No No No No
Decision to engage No No No No
(except target
- selection
procedure)
Crew procedures No No No No
during missile -
flight time
Gunner tracking No No No No
error
Impact of damage Yes Yes No No
assessment on
decision to fire
again
Reload Yes Yes Yes Yes
Evasive action No No No No




~ categories and subcategories of data described previously with the

exception of derivative data, considerations for which are discussed

oo

next.

Transfer Functions 7

Derivative data are obtained from state data (hence the name)
and one way of visualizing this is shown in figure 2. The box in the
figure represents the function for calculating the distance between the
two points (x;, y;) and (%, y,) for a vehicle i. These inputs to the

transfer function are shown by the arrows oin the left. If the times

that the vehicle left point one and arrived at point two are known,
then the speed of the vehicle can be derived as shown.

An event classification scheme should facilitate computations
of the type shown on the inputs to the transfer function. This is .
accomplished by selecting a format that can be applied consistently
to all state data of interest. Considerations of characteristic and
qualitative data are equally important since the concept of the transfer

function can be easily modified to handle these types of data through

the use of decision tables. This subject is addressed later in this
chapter.
Data Vector

The general form of the data vector that will be used to classify

and store the quantitative and qualitative data that will be identified

in the following chapters is:
e (1:3,%,52,R, 14C, 1)

where

k = event type

RkI = the set of possible values for the results of each type of
event
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Ckl = the set of qualitative data describing the conditions under
which the event took place.

The elements that make up this vector and the rationale for their
solution are discussed below. Since more than one value of Rk1 and
Ck1 may be important to classifying the event, the vector e, may be
of variable length. The discussion will show that the form of e
satisfies the requirements of the transfer function described above.

Data Vector Elements

Combat operations are usually planned in what could be described
as a two or three dimensional enviromment. For example, plans are made
using a map (two dimensions) or a sand table (three dimensions). As
the actual events occur, a fourth "dimension," time, is added. Thus
combat events usually can be classified by four variables: the time, -
Universal Transverse Mercator (UTM) coordinates (i.e., x and y
coordinates); and the height relative to some reference such as sea
or ground level (the z coordinate) at which they occur. Therefore,
ek(x,y,z,t) describes the location and the time that an event occurred.
Since many events of interest can occur at the same time and location
(e.g., the detection of several tanks simultaneously by one observer)
the event k is not yet uniquely described. Adding the identity of the
participants, i for the detector and j for each detectee to the

classification scheme gives a data element of the form

ek(i’j’xi’yi’zi’ti) for the detector

and ek.(j.i,x..yj.z.,tj) for the detectee (where the k-
J J prime indicates the occurrence
of the complement of the kth
type of event).

18
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Figure 3 illustrates this scheme for two simultaneous firings by tanks
A and B at C. If k = 1 for a firing event and k(1)' = 2 for an impact

event, then four events, two firing and two impact, take place as

follows:
.el(A.C»XA;.YA-ZA:tA)
el(B,C.XB.yB,ZB.tB)
8o (C R %2 Yrs Zprta)
2 Sl where tC = tA + time
of flight of the round.
e2(CsBaxg¥ea2este)

The subscripted notation can quickly become cumbersome, so the

assumption will be made that the x,y,z and t of an event always refer;

to the participant listed next to the left parenthesis. It may appear

that important data are missing from the above list; e.g., the location .
of the target C at the time the firings occurred. This problem is

circumvented by requiring that a basic type of event be recorded as

often and as accurately as possible. This event, called the location

event, k = 0, describes the tactical geometry of the battlefield over

time, and is critical to an understanding of what transpired. A

location event for each participant in the experiment should be
recorded every time an event for one participant is recorded. This
may be difficult to accomplish unless automatic data processing

equipment are available. The event is now categorized as:

e (1:3s%,y,2,t)

gy —
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i=0,1,2,3 ... ,n where n = total number of participants on
one side

J=0, n¥l, n¥2, . . . , m wherem = the total number of
participants on the
opposing side.

k>0
If we assume that is is the firer and j the target, any permissible
value of i or j can occur in the second (target) position of the
vector, thus accounting for the possibility of one player firing at
another member of his own force.

Note that there will be no other participant in a player's
location event. In order to accommodate this phenomenon, i or j
assume a value of zero when k = 0. This Jeads to the following
important subcategorization of events.

Subcategories of Events

Tabie 4 1ists some examples of events that are commonly
associated with ground combat. The bottom portion of the table
contains events that require two participants. For instance, a true
detection event requires both a detector (e.g., antitank missile
gunner) and a "detectee" (e.g., an enemy combat vehicle, weapon,
soldier, etc.). The top portion of the table lists different types
of events for which there need be only one participant. This
distinction is made in order to meet the requirement that the classi-
fication scheme be able to assign a unique label to each event.
Another type of event is shown in the top table. The spurious, or
false event, fakes into account those event§ in which there may or may
not be two participants, but in which case the second participant

cannot be identified; e.g., a detection of movement when the source of
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Table 4. Examples of events that occur in combat processes

Events that Require only One Participant

Movement

Maintenance/Breakdown
Reload/Resupply

Minefield Emplacement/Activation
i False Event

Events that Require Two Participants

Detection

Acquisition
Identification

Range Estimation

Firing

Impact/Abort (missiles)
Damage Assessment .
Communication

I R
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- the movement cannot be specifically attributed to any particular
participant. (Conversely, there may not have been anyone to detect,
in which case a "false" detection may be said to have occurred.) Such
events are known to occur on the battlefield and thus must be

l_- considered in the classification scheme.

Event Conditions

The types of data discussed earlier give some useful insights
into the value of the classification vector. Note that the vector now

can be used as input to transfer functions. Functions of this nature

can easily transform state data into derivative data. However, the
requirement for completely describing the conditions under which

events such as those Tisted in table 3 occurred has not yet been ful-
filled. For example, the visibility conditions under which the firings
illustrated in figure 3 took place may be of critical importance if a
new weapon sight is under investigation. Certain qualitative estimates,

such as levels of training or the effects of player learning, may also

have an important bearing on the event. Finally, in the case of a
firing, the result of the impact is critical to future events. There-
fore, the schema is modified to accommodate these types of data in a
straightforward manner through the application of decision tables. To

accommodate this, the data element format is expanded to its final

form: i

ek(iujox!y'z’toRkl’ck‘) i

where Rk] is the permissible set of results.(characteristic data) for
event type k. Table 5 gives examples of representative codes.

Ckl is a pointer to subjective estimates (qualitative data) of




Table 5.

P o

Some examples of firing conditions (k = 1)

£ Condition Permissible Values of th
1 Round Type 1 = HEAT
2 = APDS
. |
N = White phosphorous ;
P2 Visibility (in meters)
|
Some examples of impact results (k = 2)
.t Condition Permissible Values of Rzz
1 Type Kill 0 = Miss
1 = Mobility Kill
2 = Firepower Kill
3 = Mobility and Firepower
Kin
4 = Catastrophic Kill
i {or)
{
i 1 Percent Kill 0 100
! Miss 101
| .
| Lost Round 110

;_“‘ -




interest to experimenters and need not be constrained to a fixed set

of references. For example, the mth value may refer to a detailed
narrative of a particular event, similar to a footnote on a page of
text. On the other hand, it can refer to forced-choice selection o%
qualitative descriptors developed prior to the execution of the
experiment, a photograph of defensive positions and/or debriefing
forms (see table 6).

A major difference between the information contained in the R
vector and the C vector is the time at which the data are added to them.
Elements in the R vector are usually added in real time in highly
automated systems because they contain values used in the casualty
assessment process and are therefore already available. On the other
hand, comment data such as that shown in table 6 will usually be added
post-trial unless some provision is made for real time insertion,
probably an expensive proposition.

Measures of Performance

The data coliection schema just described provides some
interesting benefits. For example, & simulation experiment, whether
conducted in the field or on a computer, can be summarized quite
easily using transfer functions. With the data vector as input, useful
statistics can be obtained using functions such as those shown in
table 7.

Measurement Precision

The results or conditions that occur during an event can be
recorded as precisely as required. Measurement accuracy of the results

or conditions can vary significantly based on the purpose for which the

data are being collected, and particularly the means that are being




Table 6. Examples of qualitative data for an impact event (k = 2)

£ Condition Permissible Values of sz
1 Player Training 1 = Good
2 = Average
= 3 = Poor
2 Photograph Available? 1= Yes
2 = No
|
! i
5 3 Controller Comments 0 =No :
i Available? 1 = Trial Notes
; 2 = Voice Tape
; I
4  Debrief Available? 0= No !
! 1 = Trial Notes ! 5
2 = Voice Tape
19 Were Actions 0= No
| 3 Intentional? 1 = Yes
2 = Comment in Trial Notes !
. 3 = Don't Know
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used to collect them. Thus the model can be widely and consistently
applied, whether the data are being collected by accurate electronic
means or by hand. For example, location data can be collected by
electronic ranging equipment every 1/10 of a second, or by numbered
blocks of wood thrown off the back of a tank every 15 minutes and then
surveyed in. The only rule that must be adhered to closely is that
there must be sufficient resolution in the clock to disc<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>