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EXECUTIVE SUMMARY

Artificial Intelligence aids for the central tasks of
intelligence analysis appear to require a more powerful
representational technology than is provided by currently
well known Al methods.

State of Affairs methodology addresses directly the
problem of representing real things (obiects, processes,
events, and states of affairs) in the real world.

It includes (a) a well grounded formal system, (b) a
characteristic methodology, and (c) a representational
technology for describing the elements, happenings, and
situations encountered in the real world.

The kKnowledge BRase for CIEI prodiect was an investigation
of (a) the representational requirements and (b) the
computer implementation requirements for applying the State
of Afftairs abproach to a central type of I%W problem.

The key representational requirement was found to be
(a) a library of social practice and scenario
representations and (b) an observation report data base with
entries formatted to interact with the Social Fractice and
Scenario representations.

An analysis of functionality requirements for computer
implementation was made. FPrototype software for meeting the

functionality requirements was developed.

N ]



Areas requiring further attention were surveyed. They
include (a) the need for some additional complexities in the
process representation, (b) the need to complete an
inference engine capable of dealing with this level of
complexity, and (c) the issues raised by designing for
multiple users as contrasted with the single-user prototype.

No decisive problems were encountered in applying the
SA approach to the I%W problem.

The relation of the SA approach to other Al approaches
was examined. All were found to have less representational
power than the S5A approach and all would be redundant in
areas covered by 8A representation. Three approaches
(Rules, Frames, Semantic Nets) are potentially complementary

to SA; two others (Scripts, GOALS) are not.
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et INTRODUCTION

A I State of Affairs Representation was developed to
provide explicit, systematic representation of the obiects,
events, gtc. in  the real world. It offers a conceptual
framework, a methodology., and a systematic notation. It is
computer implementable.

148 State of Affairs Representation is particularly
applicable to intelligence analysis because a State of
Affairs representation provides the framework within which
observational facts (including sensor-—based facts) can be
fitted together and systematically analvyzed.

1 The EkEnowledge Base for L3I project was an
investigation of the applicability of 5A representation to
intelligence analysis problems. Specific attention was
given to the question of what actual real world
representations would be needed to provide an effective
framework for processing and integrating observational
reports of wvarious kinds. A second fococuws of attention was
the analysis of observational data in terms of operative
choice principlesi sivalaes. attitudes, policies, strategies,
doctring). A third focus was the preliminary specification

of a computer implementation.



1.4 In the following sections, we first present the
State of Affairs system of representation. This is done in
three parts, 1wBiy the basic conceptual system (Seetion
2.0), the characteristic méthodology (Section 3.0), and the
descriptive notation and technology Ffor constructing
representations of real world phenomena (Section 4.0). In
subsequent sections, we apply these resources to the three
tasks noted above, i.e2.. {(a) what representations would be
needed to provide an effective framework for processing and
integrating observational reports of various kinds (Section
Sty (b) the analysis of observational data in terms of
choice principles such as attitudes, values, policies,
strategies, and doctrine (Section &.01, and  (c)  the

zspecification of a computer implementation (Section 7.07.



2.0 THE STATE OF AFFAIRS FORMAL SYSTEM

2.1 ~ In this section we present the State of Affairs
approach as such. Although illustrations are selected with
intelligence analysis in mind, the application of 5A to
intelligence analysis is dealt with in later sections.
2.2 The real world is what we see when we look around
us. It is what we are sach a part of and have a place in.
It also includes the obliects, events, and other phenomena
that we act in the light of and in relation to. 5 o
includes, Tiok xample, other people., myself, automobiles,
mountains, trees, military installations, military
activities, children playing games, and the rain falling in
the afternoon. It includes the activities of military
intelligence and the facts that intelligence analysts have
or would like to have.
B The State of Affairs conceptual system is
formalized as a set of Tranmsition Rules, shown in Table 1.
2uiat Because the S5A Transition Rules exemplify the
Element—0peration-Froduct model of a Formal svystem, the
Transition Rules qua}ify as a formal system.

Im  such a system a Finite set of Elements and

Operations is explicitly introduced. By stipulation,

Operations are performed on Elements (there may be



Table 1. State of Affairs Transition Rules

2 0% A state of affairs is a totality of related obiects
and/or processes and/or events and/or states of affairs.

g A process (or obiect or event or state of affairs) is a
state of affairs which is a constituent of some other state
of affairs.

e AN obiect is a state of affairs having other, related
obiects as immediate constituents. (An obiect divides into
related, smaller obliects.)

4. A process 1s a sequential change +from one state of
affairs to another.

S A process 1is a state of affairs having other, related
processes as immediate constituents. (A process divides
into related, sequential or parallel, smaller processes.)

A AN event is a direct change from one state of affairs
to another.

7 An event 1s a state of affairs having two states of
affairs (i.e., "before" and "after") as constituents.

8 That a given state of affairs has a given relationship
(2. SUCCESS1 0N, incompatibility, inclusion, common
constituents, 2tc.) to a second state of affairs is a state
of aftfairs.

Ha. That a given obiect or process or event has a given
relationship to another obiect or process or event is a
state of affairs.

s That a given obliect, process, event, or state of
attairs is of a given kind is & state of affairs.

16, That an obliect or process begins is an event and that
it ends is a different event.

10a. That an obiect or process occurs (begins and ends) is a
state of aftfairs having three states of affairs ("before,"
"during," and "after") as constituents.



restrictions on which Operations are allowed with which

Elements) . The result of performing an Operation on an
Element is a Froduct. Every Froduct gualifies as an
Element. Every Element can be represented simply as an

Element or as an Element-Operation combination. For example
in the arithmetic system, the same number can be represented

simply as an Element (e.g.. "12") or as any of a number of

Element—-0Operation combinations (2.0 "I Wlaea, v
" 246—=1q oSG ARG S E) s e iad Infinitum) .
L Sanl il To see that the Transition Rules exemplity

this model, note that each rule consists of a left-hand
element and a right-hand element connected by the word
"ig." These correspond, respectively., to Element., Froduct,
and Operation. There is only one Operation in the system.

That Operation 1S identity coordination (or simply,

"identity"). The "is" in each Transitionm Rule is the "ig"

of identity: i.e., it can be paraphrased as "is the same
thing as'".
e S In the context of ordinary language discourse

(as contrasted with theoretical, technical, or philosophical
discourse) each rule tells us that what is described in the
first way is the same thing as what is described in the
second way. By implication, each rule tells us that there

are two ways of describing the same thing. Since we are

10O



dealing with fundamental reality concepts, there is no third
description that would tell us difectly what it is that
these two descriptions are descriptions of. Any third
description would at best be merely a third description of
the same thing, not the "real" description of it.

BiGe L I+ +this state of affairs seems to leave
matters unbearably loose or up in the air, it may be helpful
to recall that the description of motions presents us with
exactly the same situation. We can give two or more
descriptions of "the same motion" within different
frameworks, but we have no privileged framework that would
give us the "real" description of that motion. Yet we do
very well with the phenomenon of motion, and we do so in
practical, intuitive, observational ., technical, and

theoretical contexts.

B e The wplicit primitives of the A conceptual
system are "Obiect", "Frocess', "Event", and "State of
Affairs". ("Relation" may be regarded as a-ififEh

primitive.)

s TRA - Since these concepts are primitives in a formal
system and (independently) since they are presented as
fundamental concepts, it would cbviously be inappropriate to
expect definitions of "Object", "Frocess", "Event", and

"Btate of Affairs”. What we can expect. and what the

vl
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Tramnsition Rules do provide,. is (&) a set of paradigmatic
sentences which  show the logical grammar of each concept
and which may be interpreted as (b)) a set of general
statements that tell us what is true of, e.g. objiects, that
is or is not also true of each of the others. (Note that
althouwgh no one thing needs to be uniquely true of a given
one of the fouwr concepts, the set of things which are true
of it must be unique, otherwise we have a redundant
concept.)

iy
-l

e s I+ we consider the Transition Rules from this
standpoint, we find that they do give us this kind of
information. For example:

(aj Both process and events are happenings: they occour.
In contrast, neither obliects nor states of affairs are
happenings. Obiects merely are: they do not cccur. States
aof aftairs are, or are the case; they do not occur.

(b) A pProcess has duration and involves successive
happenings. An event has no duration and involves at most
ONe SUCCession. AN obiect has duration but it does not as
such involve any happenings. A state of affairs may or may
not have duration or involve successive happenings.

(c) A process divides into related processes. Obliects,

events, and states of affairs can't divide into processes,.



though states of aftfairs can have processes as immediate
constituents.

(d) An obiect divides into related obiects. A process
can’t divide into obiects. Nor can events.

(@) Both events and states of affairs divide into states
of affairsy; neither processes nor obliects can divide into

states of affairs.

~
-

i

The Transition Rule primitives are our most

generic categories of what there is to be observed wh2n we
pay attention to what is around us.

The Transition Rules should be contrastsd most
pointedly with a theory about the real world. Such a theory
would be couched in non—-mundane technical terms and would,
in effect, tell us that what we observe is really Sqmething
else.

In contrast, it is not theorizing to say that blue is a
color, that circles are round, or that colors are visible.
Likewise, it is not theorizing to say (a) that a chair is an
obiect, that this chair is an obliect, or (b)) that the game
being played by the children outside is a process, that
troop movements or tank advances or airplane overflights are
Processes, or (c) that the beginning of the children®s game
was an event, that the airplane®s reaching the border is an

event, or (d) that the children being on vacation is a state

1%
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of atfairs, that there being only three tanks left to defend
the fort is a state of affairs (and that the tanmks and the
fort are objects).

2.3 Bund It is well established that an inventory
of what there is in the world can be accomplished by using
any one of four basic reality concepts. These concepts are
"obiect," "process," "event," and "state of affairs."
2aBe2adalal In this context "real world" means
"everything there is", not "the planet earth".

2 e e e The world can be seen as consisting of a
collection of obliects of different sizes which exhibit a
variety of relationships and interactions and together make
up aone hwge obliect, namely, the world. Similarly, it can be
seen as consisting of processes of various sorts which
have various sorts of ingredients and togefher make up one
all-encompassing process, namely the past, present and
future history of the universe. And obviously, the world
can be seen as consisting of an all-encompassing sequence of
events or as an all-inclusive state of affairs.

2.3.2.3.1.3 The State of Affairs Transition Rules allow
us to see (a) what is concealed by these single-cateqgory
inventories of what there is, and (b)) why it is that anvy of

these +our concepts will do the JHob.

14



The answer to the latter is obvious: Any of these four
concepts {object, process, event, and state of affairs) will
do the Hob because they are part of a conceptual system in
which they are mutually defined and r=zlated so that any of
them can substitute for the entire system.

What is concealed 1is that since each category is
connected to the others. the existence ot all is, in effect,
guaranteed by the existence of any. and so we only have to
assert the existence of one. Consider for example, the
notion that the world consists of obiects of different sizes
which xhibit wvarious relationships and interactions and
together constitute the one huge obiect which ié the
world. So long as the component obiects have relationships
or are of particular kinds, there will be states of affairs
(see Transition Rule B8a). S50 long as there are inter-—
actions among obliects, there will be processes (See Rule
4) . And so long as there are processes, there will be

events (See Rule 10).

&
L

4

PGS S B b e There may be some philosophical purpose in
presenting single categories (obliect, process, event, state
of affairs) as suwfficient for an inventory of what there
is. However , it is clear that for the purpose of
representing what there is in the real world for scientific,

technical, or practical purposes we shall need all four



categories as well as the leogical relations among tham and
the difference among them. These are provided by the 5/
Transition Rules.

In the context of intelligence analysis., we confront
the problem not merely of correlating reports from different
sources, but also of correlating reports of different kinds,
2.0. reports of occurrences and happenings. reports of
states of aftfairs, reports of possible happenings or states
of affairs, etc. An explicit conceptual system for obliects,
processes, events, and states of affairs provides the

potential for performing such correlations automatically.

16



R STATE 0OF AFFAIRS METHODOLUOGY

The State of Affairs conceptual system is part of the
larger conceptual system of Descriptive Fsychology. The
other parts, which are comparable in scope., are conceptual
formul ations of Fersons, Behavior, and Language.
Implementation of this larger system, and, indeed, simply
introducing the system has depended on methodological
resources which have little in common with the traditional
scientific reliance on mathematics, theories of logic, and
cause—effect schemas. Instead, the primary methodology
involves calculational systems, paradigm case formulations,
and parametric analysis. Recall that the 854 Transition
Fules constitute a calculational system.

One of the maior features of all three is that they
serve to introduce a substantive domain without depending on
anything external.
el The notion of a calculational system as an
Element—-Operation—-Froduct system was presented above in
Section 20301,

It should be noted that "Element" in this context is
independent of the use of "Element" in the representational

formats presented in Section 4.0 and used in later sections.
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Lk Farametric Analysis

A parametric analysis is a conceptual device for both
(a) notationally identifying a range of cases as being a
single subiect matter, or domain, and (b)) distinguishing
among the cases.
R | Definition: To give a parametric analysis of a
given domain of cases is to specify the ways in which one of
those cases could be the same as another of those cases as
such or different from it.
e e Note that such a specification will also permit us
to specity the ways in which one kind of case within the
domain could be the same as another kind of case within the
domain or different from it.
D Familiar examples of parametric analyses are the
following.
(&) A traditional "fundamental analvsis" in physics was a
parametric analvsis with Mass, Length, and Time as
parameters. The claim was that all physical phenomena could
be characterized as physical phenomena in these terms and
that differences or similarities among wvarious physical
phenomena could be accounted +Ffor as differences or
similarities in these three respects.
{b) The humanly visible range of colors can be effectively

classified in a three—dimensional arrangement. Conventional

18



names for the three dimensions are Brightness (the light-
dark dimension),., Hue (the rainbow color sequence!}, and
Saturation (the gray-intense dimension).

Z.2.4 Not every way of systematically classifying cases

is a paradigmatic parametric analysis. Rather, a parametric
analysis is a way of formulating the essential
characteristics of the domain. (In this respect, a
parametric analysis resembles a definition.) This is why
the phrase "as such" is included in the detfinition of a
parametric analysis and why it is underlined.

The contrast is with non—-essential characteristics or
empirical relationships with other things. For example, an
automobile can be classified as a physical object.
Automobiles can be classified in various ways, ©.9.. by the
features that distinguish good-selling ones from unpopul ar
ones or by the kind and amount of emissions, etc. These
features are not essential ones. They are not what makes
that obiject a physical obiect and they are not even what
makes that obliect an automobile. Likewise, we can classitfy
colors by how readily they are seen in a fog. by how
pleasing or soothing they are to human observers, etc.
These features are not what makes a color a color.

b

e
et W e

b The descriptive formats presented in Section 4.0

retlect parametric analyses of the domain of Obiects, the

15



domain of Frocesses, and the domaine of Events and States
of Affairs. THey are not arbitrary or merely instrumental
ways of classifying Objects, Frocesses, etc. Rather they
reflect an analysis of what is essential to the concept of
an Object and of what is essential to the concept of a
Frocess, etc.
BB Non—-essential characteristics are provided For in
the Transition Rules by Rules 8, 8a, and 2. (E.g.., Rule %:
That a given obiect, process, event, or state of affairs is
of a given kind is a state of affairs.) 0Only in the case of
Obiects is the possession of attributes explicitly mentioned
in the basic formulation.
B Each parameter in a parametric analysis has
associated with it a set of values. Farticular casess can be
characterized not merely by the parameters, but more
specifically by their parametric values. fAs a result,
particul ar cases can be distinguished from other cases more
or less precisely and more or less completely by specifving
parametric values. This is the general thrust of the
representational formats pressnted in Section 4.0.
e Faradigm Case Formulation (FCF)

Like a parametric analysis, & paradigm case formulation
is a formal device for both (&) identifvying a range of cases

as a single subiect matter and (b) distinguishing among the

20



cases. But whereas in a parametric analysis we simply
analyze essential aspects of cases, in a paradigm case
formulation we begin with a set of cases as such and then
derive other cases.

B | A Faradigm Case Formulation consists of two
parts. These are conventionally designated as Stage I and

Stage I1:

Stage I. Introduce a Faradigm Case
Stage II1. Introduce some number of Transformations of the

Faradigm Case

B e The mechanics of a FCF are as follows.
S e i The specification of the Faradigm Case directly
identifies a subset of cases in the domain. This

specification must be directly understood or explainable in
a finite number of steps in order to be useful to others
(the same limitation that would hold if one were to give a

definition).

B e el Each Transformation will pick out additional
CASEES. Each Transformation can be interpreted as an
instruction: "Change the Faradigm Case in this way (the

Transformation) and the result will still (also) be a case

ok ) It can also be interpreted as an indirect

=21



description: Rl it {(the Faradigm Case speciftication) were
different in this way (the Transtormation), it would still

(nevertheless) be a specification of a set of cases of X".

[

i
LR R

2t Thus, if the FCF is successful, the Paradigm Case
and the Transformations will, collectively, pick out all the

cases of X and only cases of X.

[

hod

v e A standard example of a Faradigm Case Formulation

is the following FCF for the concept of a familvy.

i 8 Faradigm Case: A husband and his wife living with
their natural children, who are a seventeen—-vear-
old son, a ten—year—old daughter. and a five-vyear-
old daughter.

IT. Transftformations:

Ti. Eliminate one parent.

S AL Change the number of children to N, N » O,

oo st

S« Change the sex distribution of the children to any
distribution other than zero bovs and =zero girls.
T4. Change the ages of the children to any values
compatible with the ages of the parents.
i Add any number of additional parents.
Tée Add adopted and other legally defined sons and

daughters.

T 7w Eliminate the requirement of living together.

i



T8. Add zero children if husband and wife are living
togefher.
23 Eliminate the requirement that the parents have
the legal status of married.
I3 4 Like a Farametric Analysis, a FCF Drganizes a
domain in terms of both similarities and differences.
Unlike the Farametric Analysis, a FCF is particularly useful
for distinguishing between essential and non—essential
cases, or between central and peripheral cases, or between
standard and non-standard cases, and so on. Where the range
of cases contains two kinds which show this kind of
cantrast, an effective approach is to incorporate the
standard (archetypal, etc.) cases 1in the Faradigm Case
specification and introduce the non—-standard cases via

transformations.

BRI AN  example can be found in the presentation,
above, of a PFarametric Analysis as dealing with the
essentials of a concept or domain. Let us now consider

that specification to be a Faradigm Case specification., and

introduce the Transformation: 0=, Eliminate the
requirement that the parameters are the concepltual
pssential s. The result will be i1if only nominally., a

Farametric Analysis.

rJ
4



AR AT S This liberalization will ®xtend the notion of a
Farametric Anélysis to almost any case of systémétic
classification. For example, the following would qualify.
(a) A tank mechanic®s classification of tanks in terms of
how they stand in regard to (their parametric values on)
each of the major ways (the Farameters) that tanks can be
dysfunctional.

(bl A marketing department’s classification of automobiles
{or furniture, etc.?) in terms of the featwes that make them
more or less desirable to the public.

Tl A "profile" which distinguishes between skyljackers and
ordinary alrplane passengers or between an Operational
Maneuver Group and an ordinary Army unit.

I 4 A deftinition of "X" i1is the specification of the

necessary and sufficient conditions for something to be a

case of U Detinitions involve primitives (undefined
terms) . 50 do theories, calculational systems, paramebric
analyses. There is no escape frrom the fact that

xplanations and classifications must come to an end at
some point. Fortunately they are not alwavs needed and
theretore all of the formal devices notesd above can be used
successfully.

Since definitions and theories are the most

conventional wWays at introducing subiect matter in

24



scientific and technical activities, some comment  on why
Descriptive Péychology emphasizes the Dthér three is
appropriate. (Definitions and theories do have ' a place in
Descriptive Fsychology also.)

B S8 ¢ The brute fact is that satisfactory definitions
are almost never achievable when 1t comes to anything in
the real world, e.g. armies, airplanes, people, mountains,
rivers, knowledge, motivation, consciousness, information,
technology., science, etc.., etc.

BEANE I LR Another brute fact is that we do not acquire one
aof these concepts by virtue of having a definition and
thereafter recognizing instances of it. Instead, we acquire
a concept of this kind {a) by encountering a number of
instances, and/or (b) by hearing {reading, etc.) how people
talk about X's, and/or (c) by talking to people about X' s,
and/or (d) by observing how people treat cases of X, and/or
(@) by how people talk about how people do, could, should
(etc.) treat cases of X.

B4 Nor i1is it the case that it appears to us that
there really are definitions for all those things, but we
Just haven’t achieved them yet. UOn the contrary, it usually
seems quite clear that the difficulties with definitions
stem from the fact that there isn’t a set of necessary and

sufficient conditions for "X", +that there is nothing that



all and only cases of "X" have in common that make them
cases of "X". For example, looking. ét the Faradiagm Case
Formulation for families above, it seems clear that there is
nothing that all families have in common that is essential
to their being families; conversely, it is equally clear
that the collection of cases given by the FCE @ is
conceptually coherent, and not bdust an arbitrary collection.

In short it appears that real world phenomena are
conceptual primitives which we can classity in a variety of
ways which serve various purposes but cannot define except
approximately and for limited purposes.

IR S Exhibit A (From the American Heritage Dictionary.

New College Edition)

Obiect: (1) Anything perceptible by one or more of the
senses, especially something that can be seen
and felty a material thing

Frocess: (1) A system of operations in the production of
something

(2) A series of actions, changes, or functions
that bring about an end or result
(%) UOngoing movementi; progression

Event: (1) AN ococurrence, incident, ar ®Hperience,

especially one of some significance

(23 The actual outcome or final result
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Fact (an approximation to "State of Affairs'):

e Tons iR AR G AT S A T R

(2) Something asserted as certain

() Something that has been obljectively verified

(4) Something having real, demonstrable existence
F.4.2 To talk about real objiects, events, etc. in terms
of either definitions or theories involves the introduction
of a new set of terms and concepts. In short, it involves
talking about something other than the obliects, events,
etc. we wanted to talk about. Given the difficulties with
definitions of real world phenomena and the scarcity of
useful theories concerning them, definitional and
theoretical approaches are hardly impressive resourcess for
dealing with such matters.

Calculational systems, Farametric Analyses, and
Faradigm Case Formulations free us substantively from the
major methodological hazards of definitions and theories.
They allow us to deal with real world phenomena as
primitives and they allow us to talk about real world

phenomena as real world phenomena.



4.0 STATE OF AFFAIRS REFRESENMTATION

The world consists of some collection of obliects,
processes, events, and state of affairs related to one

another in the ways given by the Transition Rules. But of

course, that cannot be the whole storv. Rather, the world
consists o+t particul ar objects of particular kinds,
particul ar processes of particular kinds, and particular

events and states of affairs of particular kinds, related to
one another in particular ways. The Transition Rules only
set the broadest limits on what might be the case and on
what must or cannot be the case; they do not tell us what
there in fact is in the world or what is in fact the case.
In most areas of science and technology it is axiomatic
that we have to find out about the world primarily by
observation and secondarily by thought. I+ we accept this
axiom, then our efforts to find out about the world will be
directed toward (a) making observations of whatever is of
interest, (b) developing models which, in coniunction with
observation help us anticipate phenomena of interest (but
never in  a foolproof way) and (c) achieving a =single
coherent representation of all the things we found out about

separatelv. State of Affairs representation is explicitly

oy
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designed +Ffor the third of these and makes at least two

significant and distinctive contributions to the second.

By using parametric analysis methodology on the
concepts of "obiect." ‘“process," "event," and "state of
affairs," we arrive at the logical schemas needed to

distinguish one obiect (or process, etc.) from another or,
correspondingly, to give a systematic description of a
particular object (or process, etc.) o kind of obiect
(etc.?). These are presented below.

4.1 Frocess Representation and Frocess Description

Table 2 shows the Basic Frocess Unit, which is the

eassential logical schema for representing particular

process or types of process.

4.1.1 The first thing to note is that the BRasic Frocess
Unit (BFU) has a two—-part structure. The two parts are (a)
Name and (b)) Description. The first allows us to represent
a process merely as a single entity: the second allows us to
represent a process as an articulated whole with an internal
stiructure. For a technology of representation, the latter
is of primary interest.

4.1.2 The First specification, i.2. "Stages" reflects
Transition Rule 4, i.e. "A process is a sequential change
from one state of affairs to another." This implies that

for a given process, there is not only an initial state of
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Table

F—-Name:
F-Descriptiondf:

I

F-Faradigms:

s
s

Basic Frocess Unit (BFUD

The process "Mame" of process A.

The "Description" of A. It specifies:
The major varieties of F-MameA. This is
a technical option. If only one paradigm
exists, it will be the same as F-NameA.
Far each paradigm, the following
is specified:

(a) Btages [-k: These are "Names" of subprocesses

within A. They are systematically
specitied, (I as F-NameAll,
F-NameAlZ, ..., F-Mame AlK for Faradigm
1. For each stage, specify:

(1) Options 1-N: These are the various

exemplars of the process (stage) in
question. That is, these are the various
ways in which that process could
happen. Each Option is systematically
indexed as F-NameAlll,F-NameAllZ, ...,
F~NamefAliN. Each of these can now be
expanded (decomposed) on  the model of
F-NamedA.

(h) Individuals
(c) Elements

(d) Eligibilities
(e) Contingencies
(f) Versions
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aftfairs and a final state of affairs, but also at least one
intermediate state of affairs (otherwise the process would
not be a seguential change). Such an intermediate state of
affairs would, by Rule 3, divide the aoriginal process into a
sequence of two sub-processes. Sub-processes of this kind
are designated as '"stages" of the process. These general
features of processes are shown graphically in Figure 1,
which is a conventional schema for showing & process as
having a Stage/Option structure.

4.1.3 In general, a process can happen in more than one
way, and this is shown explicitly in regard to the Stages.
Options are relative to Stages. An Option for a given Stage
is simply one of the ways that that sub-process can happen.
4.1.4 Since an Option for & given stage is a process,
it too can be represented by means of the EBFU format.
Likewise, the original process which was divided into Stages
may itselt be represented as a stage in @ a larger process
which in turn can be represented by means of +the BFU
format. In this way, representations can be "composed" into
larger representations and they can be '"decomposed" into
represaentations of smaller components. This allows us to
represent phenomena of different magnitudes within the same

framewoirrk.
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4.1.5 The ‘Stage/Option Structure is only the gross
structure of a process. Which Stages a process has (and how
many) and which Options a Stage has (and how many) are
genuinely ways in which one process can, as a process, be
the same as another process or different from it. However,
that is only the beginning.

4.1.6 Another parameter 1s Elements. Elements are the
formal "ingredients" of the process. For most processes,
all or most of the Elements will correspond to obiects. For
example, if one thinks of a drama as a paradigm case of a
process, the variows characters in the drama, along with all
the reguired material obliects will guality as the Elements
in that process. More formally, the initial state of
affairs for the process (SAl1 in Figure 1) is {(by Rule 1) a
totality of related obiects (etc.). The Elements are these
formal obliects (etc.). The relationships among these
obijects change as the process proceeds and these changes
correspond to intermediate states of affairs (2.g.. SAZ,
5A4, S5A5 in Figure 1). The sequential changes in these
relationships is (is the same thing as) the occurrence of
the process.

4.1.7 In the simplest case, when an instance of the

process takes place, each Element is embodied by a separate
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historical individual. For example, if the drama is Hamlet,
then John Doe plays Hamlet and nothing else; Richard Jones
plays Folonius and nothing else; only one obliect serves as
the skull in the graveyard scene, and so on. Formal
Individual and Eligibility specifications allow for more
complex possibilities, where the same Individual is eligible
to play the part of more than one Element. Thus, in an
actual occurrence of the process, there is a one—to—one
relationship between historical individuals and formal
Individuals, rather than between historical individuals
and Elements.

R e Elements and Individuals/Eligibilities are ways in
which one process can, as a process, be the same as another
process or different from it. In general, such specifi-
cations allow ws to represent that the particulars of
the occurrence of a process (including its outcome) depend
on  the ingredients on any given occasion (including what
would normally be called "initial conditions®"). In this
way, the logical schema for process representation embodies
the truism that "the same process" can  have different
outcomes, depending on initial conditions.

4.1.8 The occurrence of & process on a qiven occasion is
the same thing as the occurrence of one of the UOptions for

Stage 1, followed by one of the Options for Stage 2,
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followed by one of the Options for Stage 2, and so on. In
the simplest tase, the occurrence of the process could
consist of any of the Options for Stage 1 followed by any of
the Options for Stage £ followed by any of the options for
Stage 3, and so on. In fact, most processes, particularly
social and behavioral processes are more complex than that.
The Contingencies parameter allows us to represent such
complexity. Contingency specifications are ways of
restricting the availability of UOptions in a given process
by making the availability contingent on something. We
distinguish four sorts of Contingencies, p O —
Co—occurrence, Attributional, Relational, and Factual.

4o Ta 80 Co-occurrence contingencies specity that a given
Option in a given state is available (for instantiating the
process) if and only if certain other Options in other
stages are the ones selected (or are not selected). For
this aspect of process description & game with simple
sequential process structure, e.g.. chess, provides the most
cbhvious example. In chess, clearly, the UOptions chosen on
the first move make a crucial differesnce in regard to which
Options are available on the second move, and both are
crucial in regard to which Options are available on the

third move, and so on.



4.1.8.2 Attributional Contingencies specitfy that
certain Options are available (for the occurring of the
process) only if the individuals playing the parts of given
Elements have certain (specified) attributes. In this way
we can  represent processes in which certain possibilities
depend on (usually exceptional) characteristicse of the
individuals involved.

The range of examples of such cases includes the
following.
(a) An BO0-yard pass is one of the Options in a football game
it the offensive team is behind their 20 vard line and the
quarterback has an extraordinarily strong arm. (b In a
skirmish, shooting an enemy through a ten—-inch tree trunk is
not an option if the ammunition is & .30 caliber copper
Jacket. A tank has the option of moving directly across the
river if it is an amphibious tank. I+ we move from
certainties to likelihoods, other sorts of examples arise.
For example, a chess player has the option of play the Kings
Gambit if he believes his opponent cannot play it well. A
caommander who is trying to achieve masimum impact will be
likely to move surreptitiously at First if there is an
cpportunity.

In general, the kinds of human attributes that enter

inte Contingency specifications are attitudes, traits,
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values, knowl edge air beliefs, abilities, policies,
strategies, and doctrine.

4.1.8.3 Relationship Contingencies specify that a given
Option is available only if the individual playing the part
of a given Element has a given relationship or relationships
to given individuals, organizations, obliects, resoufces, and
S0 on . Relationship contingencies and attributiocnal
contingencies are completely analogous.

4.1.8.4 Factual Contingencies specify that a given Option
i available only under certain conditions (e.g., only if
the weather is good or 1if lakes and rivers are frozen
solid). Any restriction on the availability of Options
which cannot be stated as a co-occurrence, attributional, or
relational contingency can be stated as a Factual
Contingency.

4.1 09 Specifying States, Options, Elements,
Individuals/Eligibilities, and Contingencies provides the
restrictions needed to specify what would qualify as an
instance of the process in question. Any sequence that
would gqualify as an instance is a Version of the process.
The occcurrence of a process is the same as the occuwrrence of
one of its Versions.

4.1.10 The specification of process Faradigms 1is a

technical convenience. It is appropriate when the VYersions
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af a process divide into two or more subsets with
distinctive Elements or structures. For example eleven man
football vs. seven man football, shaving with an electric
razor., a straight racor, and a safety razor, lectures
vs. field trips. a direct river crossing vs. a crossing on
temporary bridges. In such cases, the representation is
much more clear and useful if it is segregated into two or
more process paradigms each with a standard process
representation.

4RI S I An important special case of a pDIrocess

representation  is the Social Fractice representation. In

the latter, the wltimate constituent processes are the
behaviors of individual persons. This is the archetypal
case. In practice it need not hold without vception. For
example, the Social Fractice representation in Table é&a
(Section S.0) below contains one Stage which is not a
behavior.

4.1.12 The actual occurrence of a process 1is a
historically particular happening. It requires that there
be appropriate historical individuals to play the part of
each formal Individual and therefors, each Element. The
concept of a process is the concept of an abstract structure

of proceedings, ingredients, events, and states of affairs,
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and any actual collection which exemplifies that structure
is an occurrente of the process.

Several familiar examples provide heuristic models for
the various aspects of processes. (a) A chess game is a
prime model for the Stage/Option structure of a process and
for co-occurrence contingencies. (b) A drama such as Hamlet
is an excellent model for the Element/Individual /Eligibility
aspects of a process. (c) A recipe is also an excellent
model for the Element/Individual/Eligibility aspects and for
both attributional and co-occurrence Contingencies, as well
as the Stage structure. Note that as a prescription for the
process of making a particular sort of food, & recipe would
need to make the potentially problematic aspects of the
process relatively explicit and complete.
4 .1015 A process representation is the representation of
the abstract structure of a certain kind of process as such
(2.Q.., a chess game). A process description is the
description of something as an instance of a certain kind of
process e "this i1is a chess game"). Where complex
processes atre involved, we first construct a complex process
representation and then we can say of an actual process,
"This is one of these.'
4.1.14 A process representation need not be complete in

order to be useful. It is generally feasible to represent
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processes only down to a certain level of detail bevond
which the particulars don®t matter. In addition to
incompleteness in terms of detail, there are two
systematically incomplete sorts of process representation or
process description.
4.1.14.1 A means-ends description refers to Elements of
a process (the "means") and the ocutcome of that process (the
"ends'). What is left out is the Stage/Option and
Contingency structure aof the process. This kind of
description is useful, for example, in dealing with resouwrce
allocation issues or in capability analysis.
4.1.14.2 Achievement analysis (or task analvysis) refers
only to the outcome aspects of & process. There are two
kinds of analysis. In the first kind, the final outcome is
analyzed into components such that if each of the components
is separately achieved, the +inal outcome is achieved. In
the second kind, the achievement of the final outcome is
analyzed into a seguence of achievements which, if actually
achieved, would bring about the final ocutcome.
4.2 Obiect Representation and Obiect Description

A "Basic Object Unit" (BOW) Ffor representing obliscts is
developed in accordance with the Transition rules. Table Za

shows the RBOU.
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O—-Mamafs

O-DescriptionA:

(1)

()

Table Za. Basic Ubiect Unit

AN expression which identifies the

obiect. (This may be expanded to a list of
names, each of which is the name of this same
obiect.)

The "description" of O-Named. It specifies:
O—-Faradigms, 1.25.%:MNa. These are alternate
decompositions of O-NameA into immediate
constituents. For each paradigm, specify:

Constituents: A list - of immediate
consituents, which for systematic purposes
may be designated as O0-MamelAdl, O-NamelAZ.
cesq foOr paradigm 13 O-NameZAl, O0-NameZAl,
v sy LfORC pagadigm 2, “etec. (In practice such
"descriptive" names as "carburetor,”" "hand,"
"pancreas.,” will also be used.) Each such
constituent can now be decomposed by being
given a BOU representation.

Relationships 1, 2,..., m: These are given by
a list of relationships. Each item on the
list is specified as +follows.

(A) Name: An expression which identities an
N-Flace relationship {(state of
affairs). Note that n is not constant
for different elements of the list 1,
i T

(B) Elements: A list of N Elements, esach of
which is one of ©the members of the
N-place relationships.

(CH Individuals: A list of individuals which
are constituents of O-Nameld.

(D) Eligibilities: A specification of which
individuals may or must participate as
which Elements in the relationship by

virtue of their constituency in
O-NamelA.

(E) Contingencies (Attributional o
co-occurrence) : Specification of

conditions under which an individual
eligible to be a given Element is that
Element.

Attributes of O0-Paradigm (i.e., of O-NameAdA as
consisting of the structure given by the
relationship involved in a given paradigm).
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L S | The most relevant Transition rules are the
following.

(a) An obiect is a state of affairs having other, related
obiects as constituents.

(b) A state of affairs is a totality of related obiects
and/or processes and/or events and/or state of affairs.
4.2.2 Like the BFU, the ROU has a NMame/Description
structure. This allows us either to give a systematic
description or to do no more than refer to the Object by
using the Name.

G203 An obldect divides into smaller, related obiects
which are its parts. In general, there are indefinitely
many ways to divide an obliect into immediate constituents.
(The immediate constituents of an obliect are those (a) into
which it is directly divided (as against being the result of
repeated divisions) and (b) which dointly make wup the
obiect. Mieraforesthel bame Obhject  Unit - provides  {for an
indetinite number of alternative ways of dividing an
obiect. Each of these is represented as an Obiect Faradigm
(O—-Faradigm) .

4.2.3:1 A complex object such as an automobile, a tree, a
computer, or a human body will in general have a finite
number of obvious and non—arbitrary ways of dividing it.

The number of viable alternatives will be reduced by the
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uses for which the obiect representation is designed.
Homogensous Dbjécts such as a marble or a mound of earth, do
not offer obvious ways of dividing them into a structure of
parts, but conversely, there is much less likelihood that
any systematic description bevond a Name would be needed.
4.2.4 It follows straightforwardly that for each Obliect
Faradigm the maior specifications are of the constituents
and the relationships among them.

4.2.4.1 The immediate constituents are given by a list.
Although only one name for each is needed, computer
implementation would generally be facilitated by having a
sat of names including, for example, (a) a systematic name
which would identify the original obiect, the Ubljiect
Faradigm, and the number (on the list) of each constifuent
obiect, (b)) one or more descriptive names that identify
which constituent it is, e.g. "hand," "carburetor," "leaf,"
and tae) one or more names which identify it as an
independent obiect and do not presuppose that it is part of
the original obiect.

4.2.4.2 The relationships are also given by a list, with
each entry on the list corresponding to one relationship.
For each entry., the relationship specification has the

following components.
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(a) First, there is a name which designated an N-Flace
relationship. (Mote that when we divide an obiject into
. parts. there are 2-place relationships between
avery two parts, Z-place relationships among every
three parts, etc.)
(b) Second, there is a set of N Elements, each of which
is one of the terms (arguments, members) in the N-Flace
relationship.
(c) Third, there is a list of Individuals each of which
is eligible to play the part of one or more of the N
Elements.
(d) Finally, there are Contingencies (most notably
co—-occurrence o attributional contingencies) which
specity the conditions under which an Individual
@eligible to be a given Element is that Element. (Note
that the parts of an obliect must match each other, and
the more strongly structuwred the obliect is, the
stronger the restrictions on the match: for example an
obiect may be a perfectly good firing pin. but not for
this weapon.)
4.2.4.3 The attributes of the Obiect Paradigm. i.e. the
obiect considered as that structure of those components, is

given by a list.
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4.2.4.4 One reason for the complex specification of
ralationships‘ among constituents is that obiect
representation must allow for cases where those
relationships may change (in certain ways) without changing
the obiect into something else. Obiects may have processes
goiné on involving t%eir parts.
4.2.4.5 As with process descriptions, obliect descriptions
need not be literally exhaustive in order to be useful
or in order to be exhaustive for practical purposes. Two
sorts of obiect description which are systematically
incomplete are of interest.
ia) One can specify only the name and the attributes
(either directly or via the specification of a value on
an attribute dimension). In this case, the obiect is
dealt with as a unitary entity without regard to struc-—
ture.
{b) Once can specify only the name and the constituents
without specifying relationships. In this case, the
obiect is dealt with as a collection of constituents.
4.2.4.6 Obiect representations are suitable for
representing stable structures of any kind, not merely
material objects. In particular, organizations and social

systems can be represented as obliects whose constituents



have certain required social relationships {(role
relationships,‘status relationships).
4.2.4.7 Table 3ZIb shows the xtended BUOU. This makes

explicit some of the complexities which would be involved in

a multilevel oblject representation. Of particular interest
is contingency 2C. Most technical terminology. including
military technical terminol ogy., falls under this
contingency. For example to speak of "the Third Army" or

of "Colonel Johnson" is to speak of an organization or an
individual not as an independent (context-free) thing but
rather as components, and particular components or types of

component at that.
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Table Zb. Extended BUOU

For O-Namef, specify:

(1)

(2)

()

(4)

Attributes of O-MNameA
Contingencies:

(A) Attributes which a given constituent must
have. :

(B} Applicability of a given Name, ©.0..
O-Namel2AZ, as presupposing a given UO-paradigm
or a recursive elaboration of one.

(C) Applicability of & given name as presupposing
a unit (e.g.. obiect, process, configuration)
of which O-NameA i1is a&a constituent. (Most
technical terminology would fall under this

‘heading —— recall "the physical warld,"” "the
baseball world," etc.)
(D) Configwration (etc.) membership or attributes

of O-Named as contingent on the specification
of a given O-Faradiagm, KA., or
(E) on given attributes of a given constituent
(2., an automobile is an internal
combustion machine because its motor is an
internal combustion machine.)
Relationships: As in Table Za, above, but not
restricted to immediate constituents as Elements.
{(Optional convenience) Configuration membership:
A list of configurations of which O-NameA may be
a constituent.
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4,2.4.8 Most obiects are routinely referred to in terms of
their place in‘larger structures or processes. For example,
machines, tools, and other sorts of equipment are routinely
referred to in terms of their paradigmatic uses even when
they are not or cannot be used in that way. For example, a
Leopard tank being used as a research test bed is still
called a tanmk and it would still be called that if it
was obsolete and inoperable. Likewise a baseball bat is
called that almost under any conditions and not Jdust when it
is being used as a baseball bat. Similarly for missiles,
aircratt, chess sets, skis, colonels, chimnevys, bridges.
intelligence analysts, eyes, chairs, and tails. {(The
phencmenon has the general structuwre of a paradigm case
formulation, i.e. reference is anchored by a paradigmatic
use or place and is retained aver a range of
transformations.)

4.2.4.9 The +fact that, in both ordinary language and
technical language, obliects are routinely referred to as
(what amounts to) Elements of either social practices or
social groups has at least one significant consequence. That
is that observation reports can in general be supected to be
reports about Elements. In turn this suggests that a system
with a knowledge base composed of social practice

representations and obliect representations has the potential
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for effectively accepting and interpreting observation
reports with a‘minimum of preprocessing.
4.5 Btate of Affairs Representation

Table 4 shows the State of Affairs Unit (SAU). As with
the Basic Frocess Unit and the Basic Object Unit it has a
Name/Description structure and an Element/Individual/Eligi-
bility structuwre in the Description.
4.3.1 The basic specification for S5A representation is
that of an N-place relation and the terms of that relation
{the Elements).
4.3.2 EBecause a state of aftfairs i1is a totality of
related obiects and/or processes and/or events and/or states
of affairs, the Elements are specified as to which of the
four they are or may be. Likewise the Individuals are so
classified. A set of Individuals which meet the category
specifications and the requirements of the specified
relationships will constitute an instance of the state of

atfairs.



SA-Nameds

Table 4. State of Affairs Unit

The "Name" of state of affairs A. This may be
given by any identifving reference, such as a
sentence ("The man shot the bear"), a sentential
clause ("the shooting of the bear'"), a simpler
locution ("the shooting"). or a conventional
symbol (S5A—-Namef) . i

SA-DescriptionfA: The "Description” of SA-Namehd. It

G )

(i)

(ITa)

Gl d)

(IIIa)

(IV)

(V)

specifies:

Relationship: An ¥plicit identification of an
N-place relationship, or attribute. (A property
is a l-place attribute.)

Elements: A list of the N elements, or logical
roles in the Relationship. These are
distinguished as 1st, 2nd,....Nth elements.

Eligibilities: Each of the M elements is
characterized as being either necessary or

optionally an obiect, process, event, state of
affairs, attribute, or concept.

Individuals: A list of N Individuals identi+ied
as individuals by a name, number , symbol. etc.
(Note that "individual®" is not the same as

"obiect".)

Classifications: Each of the N individuals is
identified as an obiect, process, event, state of
aftairs, attribute, or concept.

Assignments: The N Individuals are placed in
one-to-one relation with the N Elements, with each
Individual being identified as the exemplar of the
corresponding Element in the state of affairs
SA-Mamef.

Expansions: AN Bxpansion consists of the
recursive use of the BAU (as developed to this
point) in one of the following ways:

(1) Elaborating the Classification of a given
Individual as an obiect., process, event, or
state of affairs by giving a 5SAU description
o 2O i v Rl egRil s . S Lo e s ) . This will
amount to using RBFRU, ROU, Event, or 5AU
formats.



Table 4. State of Affairs Unit (Com®d)

(2)

Elaborating the Classification of a given
Individual as an Attribute by aqiving a SiU
description in which the Attribute is the
Relationship.

(VI Contingencies:

(1)

(3

Since contingency statements are possible
within BFU and ROU representations and the
latter may occur as expansions, such
contingency statements will qualify as
contingencies within the full 5AU also.
Co-occurrence constraints such that the use
of a particular "NMame" (in general., referring
terminology. 2l ther technical or
nontechnical) for any Element within the full
8AU is contingent on the use of particular
other "Mames" for other Elements.
Co—accurrence constraints such that the use
of a particular Element is contingent on its
being that element (or an Element) of the SAU
within which it is an Element. {Note that
stages, options, and paradiams within a BFU
or BOU will quality as Elements here.)
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Sa 0 REFRESENTATIONAL REGUIREMENTS

The problem addressed was that of determining the
representational requirements for the application of SA
System representation to the tasks of intelligence ana-

lysis. The general area of %W was chosen as an appropriate

starting point.

Sig In principle, I8W deals with any factor or
phenomena which indicate the increased likelihood of
aggressive action in areas of interest. In practice, most

indicators have to do with the preparatory activities or
sarly stages of aggressive action.

D The initial problem was to set the stage in a
realistic fashion for the technical problem of representa-
tione The two initial decisions were to select a geocgraphic
area as the domain of interest and to define a prototypical
aggressive action as the substantive issue.

S The geographic area chosen was the western portion
of Czechoslovakia and the southern border region of East
Germany, roughly, the area from Frague to Eisenach at the
western border of the DDR. This area is shown in Figure 2.

This choice was made primarily on the basis of a heuristic

OB type data base covering this region. The data base was
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made available through the courtesy of FErnowledge Systems
Concepts, Rome; MY
on2el The prototype aggressive action was a scenario
invoiving an.attack across the border initially disguised as
a training exercise. The scenario was constructed with
specific reference to the geocgraphic region, the road
system, and the immediate targets. This was designated as
the "Freemptive Strike Scenario" (FS Scenariol.

The FS Scenario is shown in part in Table 5 and in its
entirety in Appendix D. Although it conforms roughly to the

BFLU format., the emphasis was on the content rather than on

rigorous representation.
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Table 3. Freemptive Strike Scenario (Excerpt)

1: Announce L;rge Fact Exercise involving ground and air forces
1.1: Option 1: Live Fire Exercise

0 Stage 1: Use Diplomatic Channels to announce exercise
11w Stage 2: Call Maior Commanders from Germany % Foland

R L Stage 3: Issue Misleading Exercise oriented messages
1.2: Option 2: Mere Exercise

1. 20 Stage 1: Call commanders for briefing on "exercise"
102,28 Stage 2: Announce exercise locally

12 St Stage 3: Misleading troop movements locally - rehearsal
1.3: Option 3: Command and Control Exercise

2 R Stage 1: Brief Commanders

1532 Stage Z: Conceal Troop Movements by spreading over time
2: Build up resource reserves for operations

2.1: Increase production at Frag munitions plant

Sadn e Stage 1l: Increase rate of arrival of raw materials
2ol Option 1l: Conceal by holding constant # but increase load
2.1.1.2: = Option 2: Increase both # of shipments and loads

2adaZs Stage Z: Increase the employment and shifts at plants

]
]
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e Domain Representation

i

In principle, the application of SA representation to
I&N_requires a general representation of the domain of
interest, since this i1is the context within which the
phenomena which are observed and reported all have an

intelligible place.

R
al

-

B e ol Formally, the obvious choice for an overall domain

representation is an Object representation. That would

include the representation of component obidects and the

activities and interactions of these components. In

general , the major types of components would be the

following:

(a) The geographical terrain itself, with significant
terrain features differentiated as component obliects.

(k) Stationary installations and facilities such as
bridges, highways, factories, railway vards and tracks,
and various military installations and facilities.

() Mobile individuals, including individual persons;
organizations, including troop unitsg and mobile or
portable eguipment, weapons, tools, etco.

aiEn The following tvpes of installations and

o

facilities were included in the domain description (a

complete listing of actual cases is given in Appendix A).
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(&) Bridges

() Fower Facilities

(c) Railroad Facilities

(d) Military Facilities

(e) Repair and Maintenance Facilities
(f) Munitions Storage Depots

(gl Weapons Facilities

{h) Air Rases

(i) FOL Storage Facilities

(3) Radar and Fire Control Facilities
(k) Missile Sites

5.2.3.3 In addition, the domain description included
a bround 0B, with particular attention to the forward units
(Appendix B) and an analysis of the paths between points of
interest (Appendix C). The types of path analyzed include
the following:
(&) From retinery or shipping peoint to FOL storage areas
(b) From refinery, shipping point, or FUOL storage areas to
air bases

te ) From munitions Factory to forward uwunits at Greiz,

Suhl, and Flzen

(d) From forward uwunits to tank repair and maintenance
vards
Tl s The path analysis includes the following.

{a) Faint ot origin

() Destination

(c)  Sequence of highways

(d) Direction of travel on each highway
(@) Estimated normal travel time.

O e e et The path analysis facilitates the interpret-—
ation of certain observation reports. For example, the
S
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report of a convoy of 12 FOL Tanker Trucks observed on

Highway E&3F is interpretable as

(&) 12 Tanker Trucks on the path from the EMS refinery to
the Jena air base

(b 12 Tanker Trucks on the path from the EMS refinery
to the Blankernhain air base

() 12 Tanker Trucks on the path from the EMS refinery

to the Waltershausen air base

iod

L

Social Fractice Representation
Given the representation of the various paths, instal-
lations, and facilities and their locations relative to the
terrain, the next problem was to provide a representation
for possible happenings (including the component states of
affairs) which would be of interest. The indicated form of
representation is process representation, and specifically,

social practice representation.

i

Al The choice of social practices for representation
came primarily from the FS5 Scenario. Since a Scenario is
defined as (1) an ad hoc structure of sccial practices

(2) with some specification of historical (i.e.. actual)
individuals, the F5 Scenario was analyzed into a set of
mocial practices. Representation af ‘these practices

would make possible the recognition of the occurrence of

bt



instances of them, including the instances compatible with
the FS Scenario. For present purposes, implementation of a
sample of these practices (indicated in Appendix D) was
Jjudged to be sufficient. The selection emphasized the early
stages of the scenario, since the detection of the early
stages of an activity has the biggest %W kpayoff. For a
more extensive project, there would be a variety of
different scenarios and systematic representation of all the
social practices involved.

e 2 For each scocial practice representation a corres-—
ponding Achievement Analysis (Task Analysis) was performed.
The Achievement Analysis is derived from the social practice
representation by specifving {(a) the overall outcome i(state
of afttairs) of the occurrence of the social practice and

(b) for each stage., the state of affairs which marks the end
af that stage and the initial condition for the next.

St Bl The outcomes in this case are the logical
context—free outcomes, not empirical, context-dependent
ones. For example, if a stage in a process is "LTanker
Truckld delivers [FOL] to [FUOL Storage Facilitvyl" the logical
outcome is "Truckload of [FOLI has been delivered to [FOL
Storage Facilityl." (Brackets indicate process Elements.)
Identification of context—-dependent empirical outcomes

{@.g., the storage tank is full; this is the tenth truckload



this week: the FOL delivered will keep the unit operating
for  ten dayé) depend on having a representation of the

context; this possibility is provided by the domain repre-

sentation, including observed facts (see Bection 5.4,
below).
RS S A Achievement Analyses can be performed directly

in the absence of the corresponding process representation.
They provide an alternative vehicle for identifying happen-—
ings in the domain.

e lia

(]

AN vample of a social practice representation
which exemplifies the Basic Frocess Unit format is shown
below in Table éa and the corresponding Achievement Analysis
is shown in Table éb. It should be noted that bracketed
terms (e.Q. [TTruckl) are Element names. The names were
selected “for their mnemenic (] heuristic value in
identifying the part played by that Element in the process
as a whole. For computer processing. they could be replaced

by "Element 1," "Element 2," etc.
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SR L

F-Faradigm

(Stage 1)
(Stage 2)
(Stage 3)
(Stage 4)
(Stage I9)

(Stage 6)

(Option 1)

(Option
(Stage 7)
(Stage 8)
(Stage 9)
(Stage 10)

(Stage 11)

-~
i

)

Table 6a. SOCIAL FRACTICE REFRESENTATION
[Vehiclel delivers [Materiall at [Site]

7ol [TTruckl delivers [FOL] at [FOL Storage Sitel

et 1 [Driver] moves [TTruckl into [Delivery Fositionl
T bai2 [Driver] dismounts from [TTruckl
74 LS [Driver] connects [EConnector] to [SConnectorl
7.1.4 [Driver] activates [Delivery Controll
T [FOL] flows from [TTruckl to [Storage Structurel
7uilad [Driver] checks completeness of delivery

7.1.6.1 [Driver] cbserves [Gaugel

7.1.6.2 [Driver] observes flow of [FOLI]
AL [Driver] deactivates [Delivery Controll
Fadind [Driver] disconnects [EConnectorl] from [SConnector]
i Latd [Driver] restores [EConnector] to original position
7.1.10 [Driver] mounts [TTruckl

7.1.11 [Driverl] moves [TTruckl] to [Readiness Fositionl
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Table ba. SOCIAL FRACTICE REFRESENTATION (Con®d)

5E. 70 [Vehiclel delivers [Materiall at [Sitel

F-Faradigm 7.1 [TTruckl] delivers [FOL] at [FOL Storage Sitel
Elements:
[TTruckl = Tank Truck or any vehicle capable of carrying

bulk quantities of [FOLI]

CPOL]T = Any petroleum—derived fuel or lubricant

[FOL Storage Sitel = Any separate facility for storing CFOL]

[Driverl = The driver of the [TTruck]l

[Delivery Fositionl = [TTruckl position in which transfer of [FOL]

takes place

[EConnectorl = Equipment which connects tank on truck to
storage structure

[8Connectar] = Equipment on storage structure which connects to
truck

[Delivery Controll = Equipment which directly controls the delivery
of [FPOL]

[Readiness Fosition] = Fosition which completes delivery and from which
next action can be taken
[Gaugel = Any metering device for delivery of [FOLI]

[Storage Structurel = Structure in which [FOL] is stored



Table &a. SOCIAL FRACTICE REFRESENTATION (Con®d)
SR V0 [Vehiclel] delivers [Materiall at [Sitel

F-Faradigm 7.1 [TTruckl delivers [FOL] at [POL Storage Sitel

Individuals/Eligibilities:

1. [POL Storage Sitel
a. Bor FOL Storage Site
b. Schneeberg FOL Storage Facility
e EMS FOL Complex
d. Schleiz Bulk FOL Storage Facility
= Neustadt Jet-A Storage and Fumping Station
| Gratenrod FOL Storage Area
g Bad Salzungen FOL Storage Site

2. ETiTeuck ]
A Any tank truck

b Any FOL vehicle

i

[Driver]
a. // A non-com or enlisted man
b. A civilian
4. [EConnector]
a. // A hose
b. A spigot
2. [SConnector]

e A hose/sleeve connection




Table é&a.
SEAE7 S0 [Vehiclel] delivers [Materiall at [Site]v

F-Faradigm 7.1

10.

b. An  aperture in underground

structure
Ca A sleeve connection
[Delivery controll

a. A valve

b. A pump
[FOL]

a. FOL

B BOL

Eh MoGas

[Readiness Fositionl

SOCIAL FRACTICE REFRESENTATION

(Con™d)

[TTruck] delivers [FPOL] at [FOL Storage Sitel

storage or delivery

2. A location at or near [FOL Storage Sitel

b. A designated location at or near [FOL Storage Sitel

[Delivery Fositionl

a. A location adjacent to storage stucture

b. A location adjacent to delivery point other than

storage structure

[Gauge]l

Q. Metering device with dial

b. A level indicator

&4



SF 7.0

Table 6a. SOCIAL FRACTICE REFRESENTATION (Con’d)

[Vehiclel delivers [Materiall at [Sitel

F-Faradigm 7.1

11.
Contingencies:
(Co—0Occ) 1.
(Co-0Oce) 2.
(Co—-0cc) 3
(Co—-0Occ) 4.
(Co—-0Occ) e
{(Co—0cc) b.
(Co-0Occ) 7.
(Attrib) 8.
(Relation) 9.
(Relation) 10.
(Relation) 11.
{(Fact) 12.

[TTruckl delivers [FOL] at [FOL Storage Sitel

[Storage Structurel
a. Above ground tank
b. Underground tank

Cs El adder

[Driver] is same individual in all stages

[TTruckl is same individual in all stages

[FOL Storage Sitel is same individual in all stages
[FOL] is same material in all stages

[EConnectorl] is same individual in all stages
[SConnectorl is same individual in all stages
[Delivery Controll] is same individual in all stages
[Driverl is a person

[EConnector] is part of [TTruckl

[SConnector] is part of [Storage Structurel

[Gaugel is part of [TTruckl or part of [Storage
Structurel

Stage 1 iff [EConnector] and [S5Connectorl] can be

connected



Table &b. TASK ANALYSIS FOR SF 7.1
SF 7.0 [Vehiclel delivers [Materiall at [Sitel

FP-Paradigm 7.1 [TTruckl delivers [FOL] at [FOL Storage Sitel

(Initial Condition) 0. [TTruckl has load of [FOL]
[TTruckl is at [FPOL Storage Sitel
(Stage 1 Achievement) 1. [L[TTruckl is in position to deliver [FOL]
(Stage 2 Achievement) 2. [Driverl is dismounted
[Driver] is in position to make delivéry
(Stage 3 Achievement) F. [TTruckl is ready for delivery
(Stage 4 Achievement) 4, [FOL] delivery begins
(Stage S Achievement) S. L[POL] delivery proceeds
(Stage 6 Achievement) 6. [FOL] is delivered
(Stage 7 Achievement) 7. Delivery mechanism is stopped
(Stage 8 Achievement) 8. [EConnector] is disconnected’ from
[SConnector]
{(Stage 9 Achievement) 9. [EConnector] is restored to original
position
[TTruckl is restored to traveling condition
(Stage 10 Achievement) 10. [Driver] is in position to drive [TTruckl
(Stage 11 Achievement) 11, [TTruckl is ready for next action
(Overall Achievement) 12. [TTruckl has delivered ([POL] at ([FOL

Storage Sitel

1]




The examples in Tables &a and &b bring to light
a number of technical issues.

STt In general, phenomena should be represented at
"too detailed" a level.

AN examination of the social practices in Table &a in
light of the preemptive strike scenaric will show that what
is of interest is the occurence or non—occurence of these
practices rather than the individual behaviors which are
their components and which provide most of the content of
the social practice representations.

This is a general feature of S5A systems. In the
hierarchical representation, it is desirable to represent
not only the phenomena of intersst, but also the next level
of detail and perhaps even the next further level of detail.

This is particularly true for phenomena which have many
components (e.g. staging a major mission) and/or which
develop slowly and/or covertly over time (e.g.. thes buildup
of personnel, equipment, and material ] a majior
oftfensive).

The reason is that in such cases it is unlikely that
the occurence of the phenomenon of intereét would be
established (in timely fashion, as against long after the
fact) by a simple report or observation. Rather, reports

and observations would most likely refer to some of the
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component activities, obiects, facts, etc.., and timely
conclusions about the phenomenon of ihtérest would have
to be based on these.

One example may have particular interest for
intelligence analysis: In the case where a set of
aggressive activities is being carried out under a cover of
normalcy, there is some chance that the "normal" covering
activities will not be carried out in full detail for
reasons of practicality. Having a detailed representation
of the normal practices would facilitate the detection of
deception.

il

W Social practices may have other social practices

&

as constituents.

For example, the social practice of Table éa (i.e.,
SF 7.0: [Vehiclel delivers [Materiall at [Sitel) is part of
another social practice, namely, SF B.0: [Convoyl delivers
CMateriall at [Sitel. i kewise, the F-Paradigm actually
shown in Table éba (i.e. SF 7.1: [TTruckl delgvers CFOL] at
CFOL Storage Sitel) is a part of another F-Faradigm, namaly,

S 8.1: [TTruck Convoyl delivers [FPOL] to [FOL Storage

e | The vistence of hierarchical part-whole
relationships among social practices points up the practical

necessity for conventions dealing with naming and identity.
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Ideally, every Option, every Stage, and every Social
Fractice should be given by an independent, stand alone
representation. However, +Dllowing this principle literally
leads to a mass aof trivial co-occurrence contingencies such
as contingencies 1-7 in the social practice representation
in Table éa. At present we have introduced a convention
that assumes than an individual playing the part of a given
Element is the same individual across all stages of a Social
Fractice, and exceptions will be codified in contingencies
or additional Options.

Sada

-

oo
O 4

.2 This solution is not available across Social
Fractice level boundaries, particularly when we have generic
practices and more specific process  paradioams. This
relationship is exemplified in Table éa., where the generic
SF iz 7.0: [Vehiclel delivers [Materiall at [8itel] and the
particular process paradigm is 7.1: CTTruckl delivers
CFOL] at [FOL Storage Sitel. In this case, management of
the instantiation relation could be accomplished by means of
contingency specifications of the form "7.1 i+ [VWehiclel =

CTEruckts ™

4
i

S e

A The example in Table éa also xemplifies the

tradeoff between increasing the number of paradigms and
increasing the number of contingencies. Faradigm 7.1 could

be paralleled by anothesr paradiam, 7.2 representing the case

(=52



where [FOL Storage Sitel personnel do the actual delivery
rather than the truck driver. In that case, 7.2 would
read the same as 7.1 excépt that in Stages 2-10, [Driver]
would be replaced by [SFersonnell. If. both were combined
into one representation. there would be two Options in each

of these stages. For example:

(Stage 4) 7.1.4 [Delivery Controll is activated
(Option 1) 7.1.4.1 [Driver] activates [Delivery
Controll
(Option 2) 7.1.4.2 [S5Fersonnell activates [Delivery
Controll
This +Fform of representation would require a set of

co-occuwrence Contingency specifications linking the [Driver]
Options and another set linking the [SFersonnell] Options.

For example:

e S e R R R AR
7ol Gl Tl o e i
Vs i | Y S T e AT B
etc.

7locdy s = e s
S PERE 7. 14 o2
Vi e o [ AR AL ST
etc.

From these examples, it is clear that simplicity and
effectiveness of representation depends on suitable choices

in the form of representation.
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R The BRasic Frocess Unit has formal Individuals
eligible to playAfhe part of Elements and then, Ffor an
actual occurrencéb"historical {actual?) individuals play the
part of the formal Individuals and by wvirtue of that, play
the part of Elements. In the representation of SF 7.1 the
formal Individuals are bypassed and the Eligibility table
directly connects historical individuals to Elements. For
example, the Bor FOL Storage Area is a historical individual
which is eligible to play the part of L[FOL Storage Sitel in
SRR 7 o

The possibility of implementing this simplification
stems from the choice of a Domain and the availability of
the static Domain representation. It Ffollows Ffrom the
latter that there is a finite set of historical individuals
capable of playing the part of [FOL Storage Sitel and
presumably that set does not change rapidly. This would be
true no matter how large a geographic area was chosen from
the Domain.
S w0 ) Not all Options or individual -Element
instantiations are on a par. Some are more or less
paradigmatic, by virtue of being archetypal, normative,
typical, or customary, and others are not. It is useful,

therefore to have what amount to "normalitv" labels for
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Options and instantiations, either in categorical or
numericél.FDrm. The advantages include:

(a) Quick searches using only the paradigmatic Options, and
(b) More ready detection of unusual happenings. To achieve
effective labeling of this sort adds significantly to
the representational task, so that the question of
feasibility remains open.

Table éa illustrates the use of a categorical label
i.e., a double slash ("//") to indicate paradigmatic
instantiations:

Fe [Driverl

(a) // A non—com or enlisted man

(h) A civilian

4. [EConnector]l

(a) // A hose

(b) A spigot
T AR In a sense, the notion of doing quick searches
using only the paradigmatic Options is already involved in
some of the simplifications noted above. For. whereas the
conceptual framework and notation are geared to encompassing
all the possibilities, in practice it i always necessary to
stop somewhere short of that, based on the Judgment that

these are the possibilities we know about and care enough

about to represent them.

4
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Ty B 8 SF 7.1 shows preparation and recovery as part of
fhe delivery process. Other possibilities would be to make
- them separate practices and/or to make them part of a
larger, contextual practice. In the case of &SF 7.1, the
larger practice is B8F 8.0: [Convoyl delivers [Materiall at
[Bitel. The choice was made on the basis that inclusion
of preparation and recovery as part of the practice makes
the practice a self-contained unit and therefore facilitates
a modul ar approach to processing SF representations.
Habitia et EBoth &F 7.1 and the corresponding Task Analysis
are shown in Table 6éb. Fotentially, the use of Task
Anal veses rather than the full &F representations is a cost
effective simplification. Since the Task Analysis is
simpler, et provides fewer observational connections
to what is going on. but, correspondingly, it is less
complicated to process.
3.4 The elements of domain representation dealt with
so0 far, i.e. the installations and facilities, highways and
paths, and locations and composition of Aforward units
provide a picture of what is in the domain. They do not
provide a picture of what is happening in the domain.

A dynamic representation of the domain is achieved by
means of a data base incorporating observational data

together with several kinds of interpretive processing.
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b Table 7 shows an excerpt of the data base
developed for the present proiect. The types of information
contained in the data base reflect a process of

(a) Stipulating a number of routine activities

occurring in the domain, and

(b} estimating the kinds of observation which could

plausibly be expected to be made.
The "routine activities" also reflect the kinds of action
involved in the FS5 Scenario.

Note that the core data in each entry is a relation or
activity involving up to four Elements. To this is added
(1) a Guantity/Units qualifier, (2) a Date/Time label, (3)
an observer credibility label, and (4) a Fact Type label.
S.4atal The data in the Fact File shown in Table 7 are
not an arbitrary or random collection of facts. Father,
they represent an implicit simulation, since they are some
of the things that might be observed if a stipulated history
of activities and happenings were the same as the actual
history of the domain.

Since the data in the Fact File reflects the assumption
that whatever was in principle observable or discoverable by
an outside observer might in fact be directly reported, the
facts are of various kinds and some of them might be of

interest in their own right. In general, however, the facts
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Table 7.

Data BRase Excerpt (Left half)

FOL

Dobris Air Rase

Fact
Type Action Element Element Element
17 Deliver TTrucks Karlovy Vary Air Rase FOL

4 Depart TTrucks Manenberg FPOL Facility X

4 Depart TTrucks KMS POL Facility X

16 Deliver TTrucks FOL Neustadt

Facility

1 Depart TATrucks Suhl Barracks Tanks

=] On TTrucks Hiway E&Z X

o On TTrucks Hiway 174 X

= On TTrucks Hiway 19 X

14 Farked at Tanks Flzen Tank Yard X

17 Deliver TTrucks FOL

& Depart TTrucks Manenberg FOL Facility X

4 Depart TTrucks EMS POL Facility ¥

= On TTrucks Hiway 169 X

| On TTrucks Hiway 12 3

14 Farked at Tanks Gera Tank Yard X



Table 7.

Data Rase Excerpt (Right half)

Element Guantity Units Date Time Cred
X . ‘ 15000 Gal 01-21-88 ¥ 3
X 10 Ea 01-21-88 000 2
b3 13 Ea 01-21-88 0715 2
X 20000 Gal 01-21-88 X 3
b b Ea 01-21-88 0815 2
¥ 13 Ea 01-21-88 1110 2
X 10 Ea 01-21-88 0740 s
¥ 13 Ea 01-21-88 0930 2
3 12 Ea 01-21-88 1420 2
X 12000 Gal 41-22-88 X 3
£ 8 Ea 01-22-88 0715 2
X 14 Ea 01-22-88 0310 2
X 14 Ea 01-22-88 0945 2
X 8 Ea 01-22-88 1160 2
X 11 Ea 01-22-88 1540 2



are fairly atomic. The Fact File. therefore exemplifies

the "Hard Data" problem, i.®@., that the data is only

. informative in the context of other data and even then only

after some kind of analysis.

Hedul The social practice representations provide a
majior resource for "interpreting® the "hard facts" in the
data base.

TP PR | The key operation is matching a given fact in
the data base with one of the facts involved in the
occurrence of a given social practice. Essentially one
moves from the report that certain states of affairs were
observed to the conclusion that a Version of a given
social practice has taken place when {a) encough of the
observational data matches the components of the social
practice, (b) the data deoes not match any alternative
practice as well as it does this one, and (c) there is no
conflicting data. Failing this, what is available is a
periodically updated log of which practices are compatible
with the data, and for each one, how compatible in terms of
degree of match.

Dl 2 e The matching process is facilitated by the fact
that observation reports are generally couched in terms of
Elements rather than individuals or they make reference to

individuals which are easily classified as Elements. Far
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example, in "Twelve Tank Trucks departed from the Schneeberg
FOL facility at 1345 1/15," "Tank Trucks" is an Element name
and "Schneeberg POL facility" is readily identified as
[FOL Storage Facilityl by virtue of the Eligibility lists
associated with process representations (see Table éa for an
example involving the Schneeberg FOL facility).

Sed. B0 Nevertheless, simple correspondence between Fact
File data and Stage/Option/Fractice descriptions or Achieve-
ment descriptions is not something that can be counted on in
general. Two methodologies for facilitating the matching
are plausible. They are not mutually exclusive.

TedaZadal The Ffirst is the familiar thesaurus method.
In this case, each of the lines in the process representa-
tion would have a list of "synonymous' expressions and a
given data item would match that part of the process i+ it
matched any of the synonyms. The major drawback to be
anticipated is that the greater complexity might lead to
problems of economy or efficiency.

e et @ The secmnd“method makes use of the "Fact Type
label in column one of the data base entry. I+ the same
system of labeling were used on each line of a process
representation or Task Analysis then direct matching on the

basis of Fact Type would once more be feasible. Table 8
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shows an excerpt from the list of Fact Types developed Lo
date.

Note that matching on the basis of Fact Type is a
near—-equivalent to matching on the basis of Activity and

Elements, since Fact Types refer to both.

Table 8. Fact Types
Ivype Description
i Flatbed trucks depart from munitions factory
Flatbed trucks on highway
= Flatbed trucks arrive at military facility ammo depot

4 Tank trucks depart from FOL refinery or shipping point

n

Tank trucks on highway

& Tank trucks arrive at FOL storage facility

v Tank trucks arrive at air base FOL storage facility
8 Tank trucks at FOL storage facility

9 Tank trucks at air base

10 Tank carriers depart from army compound

11 Tank carriers on highway

1.3 Tank carriers arrive at tank vard

h R Tank carriers at tank vyard

14 Tanks parked at tank vard

15 Tank trucks depart from FUOL Storage Facility

T



S.4.2.4 Since scenarios are structures having social
practices as components, the ability to interpret the
database information as evidence that a certain social
practice took place or is taking place will translate into
the ability to use the database information as evidence
that a certain scenario is taking place or did take place.
Scenario detection requires both the detection of the
component social practices and matching the historical
individuals specified in the scenario representation. For
example, if the scenario calls Ffor "Troops deploy along
Highway &2", then it is not enough to detect an instance of
"[Forcel deploys along L[Highwayl: one must also establish
that the actual highway involved is Highway &2.

Sed.2.5 Matching can be done "in reverse" to good effect
also. I+ the data match two or more alternative social
practices, an examination of the ftact types which differen-—
tiate the social practices would lead to a specification of
what observations would need to be made in order to be
contident of which one had taken place or was taking place.
G403 Another major resowce for interpreting the "hard
facts" in the Fact File is the ability to perform statis-—
tical and other analyses, including trend analyses on the

data. Fart of the value of representing routine activities



is to provide benchmarks of various sorts so as to facili-
tate the detection of unusual activity.
Sa il Evidence of unusual activities together with an
inconclusive partial match of the data to a scenario of
interest would almost certainly be a more powerful indicator
of the occurrence of the scenarioc than either piece of
evidence separately.
S.4.3.2 The structure of the Fact File makes it possible
(in a computer implementation -—— see Section 7.0) for an
individual to define an ad hoc data base containing only
specified types of data in order to facilitate individually
defined analyses or updated display packages, etc.
S.4.4 The results of analvses described above constitute
an additional set of (non—observational) tacts.
S.4.4.1 The results of statistical analyses can be
represented in a "Summaries File".
Sedad.2 The results of matching to process representa-—
tions can be represented in an "Interpretation File" having
the same form as the Fact File.
Sedad. 3 The results of choice principle analysis can be
represented in a "Individual Characteristics File'.
= ) Summary of Representational Regquirements

The representational requirements described above are

summarized as follows:
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b Domain Representation

1.1 Stable Domain Representation
Installation/Facility File
OF Files; TOE Files
Fath File
Individual Characteristics File
Fact Type File

1.2 Dynamic Domain Representation
Fact File
Summaries File
Interpretations File

ey Frocess Representation
Social Practice Representations
Task Analyses
Scenarico Representations

Alternativel y:

UES Enowledge Base
Stable Domain Representation
Frocess. Representation

e Data Base
Fact File
Summaries File

Interpretations File



&. 0 ! CHOICE FRINCIFLE ANALYSIS

"It s not what you do == itis how you do its" This
truism  is, in effect, codified by the notions of
Co-occurrence Contingency and Relationship Contingency. The
first of these specifies that a certain option is available
(for the occurrence of the Frocess) only if the individual
plaving the relevant Element has certain attributes. The
second is parallel but specifies that the individual has a
specified relationship.

Any person  characteristic (attribute) may make a
difference in how one does what one is doing. Among the

kinds of characteristics which are of most interest for

intelligence analysis are traits. attitudes, values,
knowledge, abilities, policies, strategies, states of mind,
and doctrine. These appear to be the characteristics which

are most likely to make significant differences in relevant
activities.

bl Co—-ococurrence contingencies and relationship
contingencies were presented in Section 4 as logical
constraints. Using the FCF methodology we can extend the
formulation e less—than—certain connections, =3 s I
probabilities, degrees of confidence, etc. Thus, we

can say that the availability of a given Option is increased
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or decreased relative to baseline level (corresponding to
what a hypothetical "average person'" could be expected to
do). One reason why such connections are less than certain
is that any individual has various person characteristics
which operate with various degrees of prioritys in gesneral
any given person characteristic is able to find expression
in more than one UOption in & given Bocial Fractice, and any
given Option will appeal differentially to more than one
Ferson Characteristic.

Sl A classic example of the connection between Option
choices and Ferson characteristice is provided by the
hewristic image of "Dinner at 8:30":

Wil: You know, I finished work at 6:00 vyvesterday and
got home at 6330, We had dinner at 8:30 and it was stealk,
weall done.

Gils 50 what else is new? In this yuppy town half the
population could say pretty much the same thing.

Wils Well, you know, yesterday morning I had a big

argument with my wife and I left in the middle of it. I

usually do get home at 6:30 but we usually have dinner at
ZemEagisnots s B nan I see you're smiling. And I like steak a
great deal, but I like it rare —— I hate it well done.

Gil: She must have really been angry at vou. She was

really giving you the business.
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PSP In this example it is clear that (a) Wil's wife

was serving dinner (the social practice) in one of the ways

it can be done and (b) there was more to it thanm that —— the
choice of Jjust those options (8:30, steak well done) was an

xpression of hostility. Indeed, it wasn®t what she did,

but how she did it.

HalBE The example illustrates a fundamental fact, namely

that the connection between Option choices and Ferson

Characteristics is a two-way street.

(a) Ferson Characteristics have a selective influence on
Option choices. P;rson characteristics are expressed
by Option choices. Because of this,

(b Option choices are the paradigmatic basis on which
Ferson Characteristics are assessed. When a person
consistently makes choices which express the same
Ferson Characteristic we have agreater confidence
(1) that the person does have the characteristic and
(2) that the characteristic is a stable one.

G4 I+ a person has a stable person characteristic we

have some confidence that he will continue ta have it for

some time to come and will continue to express it in some of
his choices of UOptions in future activities, particularly

(a)d those Options which are the best expressions of the



person characteristic and/or f(b? those Options whers other
considerations are least likely to influence the choice.

6.5 All of the Aforegoing will, with the relevant
modifications, apply to organizations, groups, political
units, all of which can be meaningfully said to "do" things,
and to  do one thing rather than another (that could have
been done) on a given occasion and over repeated occasions.
s | The cheoices and characteristics of organizations,
etc. often are a relatively direct reflection of the choices
and characteristics of the person or persons in leadership
positions.

b.b The representation of social behavior (including
military activities) as embodying social practices with a
Stage/Option structure and Attributional and FRelational
Contingencies provides the basic ingredients for choice
princiPle analysis. The primary payoff is having an
additional resouwrce for correcktly anticipating the behavior
of the other person or group and additional clues as to how
to prevent, encouwage, or okbherwise deal effectively with
it

Bl What is needed for choice principle analysis, in
addition to the basics provided by the Social Fractice
Representation, is to make explicit a set of connections

between Options and Attributes of persons or groups.
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o Zinbk The simplest procedure would be to use Attributes
to categorize Options, and in the simplest case an Option
would fall under one and only one Attribute. Thus, for
example, Option 2.1.4.3 (Option % of Sfage 4 of FParadigm 1
of 8F 9) would be classified as an "Aggressive" UOption and
Options %.4.1.1 and 6.3.2.2 might be "Conservative" Options,
and so on. The Options chosen for this treatment would be
simply those Options for which such categorization was
plausible.

(=R ARR e An examination of the Freemptive Strike Scenario
shows the systematic inclusion of concealment and
non—concealment Options. Concealment Options in turn can be
interpreted as Hostile, or Aggressive, Options. I+ the
Options are present in the Scenario, they will also be
present in the corresponding Social Practice representations
and, as described above., occurrences of these Options
can be detected on the basis of the observational data in
the Fact File.

A T Note that we are dealing with less than certain
phenomena. Even in the Dinner at 8:30 example, we would say
that Gil's conclusion was obvious but not that it was
necessarily true or that it followed from the facts reported

by Wil. Nor does it appear that we could set an empirically

Justified probability level or guantitative confidence level



here. What we can say 1s that at face value it looks

that ways that is why, and that is the sense in which, it
is obvious.

b S WA Thus, the problem of categorizing Options is not a
narrowly empirical one, but rather the problem of sJudging
the face wvalue of choosing that Dption as against other
Options.

buZaoleh In turn, the face value of choosing a given Option
can be Judged in a completely context—-free way or with any
degree of contextual specifications. The Dinner at 8:30
scenario illustrates the difference that contextual
specitication can make, i.8.. the difference between "5S5o
what else is new?..." and "She must have really been angry
at you..." In contrast, the "Aggressive" interpretation of
concealment Options in the PS5 Scenario is relatively context
free.

Ouidad .S The tradeoff is that the more context is
specified, the more informative the choice analysis can be
expected to be but also, the more its usefulness is
restricted to Just the specified context. Fresumably,
cost/beneftit considerations prohibit a choice principle
analysis for every context. It would be possible, however,
to give generic context specifications which would provide

some of the benefits of context specification without unduly
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restricting the range of application of the choice prin-
ciple analysis.

(=T Instead of simple categorization of Options under
Attributes it is possible to supply numerical indices for
Obiject—-Attribute connections. In this approach, an Option
is charaéterized By a profile which relates it
aquantitatively to each Attribute of interest. (AN Attribute
in turn can be characterized by & profile which relatss it
quantitatively to each of the Options which were Judged.)}

G Fw il lassues of context specification noted above apply
to the guantitative approach as well as the categorical
approach.

TR O There is a weall developed methodology for
implementing the guantitative approach. It is the Judgment
space methodology initially developed for automatic indexing
and retrieval (Ossorio. 1964). Thus, there does not appear
to be any substantial uncertainty as to whether choice
principle analysis could be carried out for operational
purposes in the context of the kind of domain representation
and social practice representation described above in

Section 3.0
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7u) COMFUTER IMFLEMENTATION

One of the aims of the present proiect was to give
preliminary specifications for computer implementation and,
where feasible, to embody the specifications in prototype
software.

7.1 Functionality

The first concern was to lay out the central function-—
ality reqguirements for a computer implementation. To a
large extent these follow from the analysis of the repre-
sentational requirements presented in Section 5.0,

Zael st The representational reguirements were summarized
as comprising the following files.
(&) Fnowledge Base:

Social Fractice Representations (8F File)

Task Analyses (8F File)

Scenario Analyses (8F File)

Installation/Facility File

OB Files

TOE Files

Fath File

Fact Type File

Individual Characteristics File

20



(k) Data Hase:

Fact File

Summaries File

Interpretations File
A o e The primary functional reguirement is clearly the
capability for matching the facts in the SF File with facts
in the Fact File.
] This involves several auxiliary requirements.
{al Transforming data from the "present on highway X" form
in which they appear in the Fact File to the "present on the
path from A to BR" form in which they can be matched to S5F
File data.
(b3 Accessing OB Files and TOE Files to construct paradigm-—
atic Objiect descriptions for, e.g., military units. A unit,
2.0., the 17th Motorized Rifle Division, will be assumed to
consist of the personnel and equipment called for by the TUE
unless there is data in the Fact File to indicate otherwise.
e Enforcing restrictions imposed by Contingency and
Eligibility specifications. B8Since these specifications will
appear as tables (functionally) within the process repre-—
gsentations, it appéars likely that implementation can be
achieved by means of Merge and Sort operations in  a
Relational DEMS. (However, see 7.1.2.Z. This is an aresa

that calls for further analysis.)
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T beided Although any single BF-Fact matching opsration
can be accomplished by a Relational DBMS, the systematic
matching of the wvarious 0Options in the variocus Stages in
the various Social Fractices in the various Scenarios calls
for an inference engine with forward and backward chaining
capability.

Tl 2 Given the basic matching capability., there is
also the reguirement for establishing the degree of match at
the level of Social Fractice, Scenario, or Task Analysis and
not merely at the 8Stage/UOption level. This calculation
would be based on a User-—-selected set of parameters which
might include any of the following.

(a) Number of possible matches (if the Social Fractice had
16 Options in its various Stages, then the number of

possible matches would be 146 or less. depending on whether

some Options were mutually exclusive)

(b) Number of matches

(C) Froportion of matches (Note that 10/20 would generally
be better than 1/2)

(d) Credibility of matching Fact File data

(@) Degree of ambiguity in matching the sequence of Stages
(other matching refers to the occurrence of Options)

5 ) Inconsistency of the occcurrence of the Soccial Fractice

with other existing data



T ln2ed The foregoing capabilities would implemsnt the
following kinds of User query.
(a) Is Frocess X (or Scenario X) happening?
How compatible are the data with that?
(h) Given the facts, what processes are happening?
What alternative sets of processes are compatible with
the data? How compatible are they?
What observational facts would distinguish among these
possibilities?
¥ L L If the choice principle analysis took the form of
a Judgment Space, the following types of query could be
implemented.
(a) For Colonel Sergei Rachmaninoff., show me the profile of
the extent to which his decision making expresses each of
the choice principles in the Judgment Space.
(k) Assume Colonel S5.R. is in charge of Force X in Scenario
sC B8.0. List the different Versions of the scenario in the
order of likelihood based only on this assumption {or on
this and specific other assumptions.)
() (In a situation where two or more processes are compat-
ible with the data in the Fact File, and using the tvpe of
calculation uwused in (b)), above) I+ Colonel 5.R. is in
command of Force X, does the likelihood of the Frocess A

ar Frocess B change? I+ so, how?



714 Additional functionality requirements have to do

with performing a core set of statistical analyses on the

data in the Fact File and the Individual Characteristics

File and a core set of second order statistical analyses on

the data in the Summaries File and Interpretations File.

An alternative to the latter would be to perform trend

analyses by systematically doing first order analyses within

successive time slices. Thus, the analyses would include

the following.

=) Selection of type of data for analyses

(bh) Means., sigmas for selected data sets

[ floci Moving averages

(d) Time series

(e) Correlations

(f) Specific relations or comparisons., .g. response time
In addition, for flexibility., data files should be

available to User-—-specific applications programs.

A S A | The majior uses of these analyses would be:
(&) To detect trends in the '"normal" activities in the
domain.

(b) To detect uwunusual happenings, avents, or states of
atfairs within the domain.
(c) To provide data (either of the above) which could be

integrated with the process interpretations. (For example,
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marginal conclusions concerning the occuwrrence of the FS
Scenario would be strengthened by evidence of certain
trends or uwnusual events. FRecall that in the original
discursive form (Appendix D) the scenario re#eré to
"increases" of various sorts; these are not process facts
except at a very high level of description —— they are more
directly states of affairs concerning differences between
states of affairs [specifically, some  Achievementsl at
different times.)

ARG G e Statistical analyses of the sort mentioned above
are well understood and commonly implemented. Thus, no
special problems are anticipated concerning them except
insofar as they add complexity to the system as a whole.
TS Finally, there are various Input-Output issues.
Among those which can be anticipated are the following.

(a) On  the input side, obhservational data requires
pre-processing in order to provide entries in the Fact File.
() The system must be able to access other data bases,
since the relevant data cannot be expected to be in a single
place.

{(c) 0On the output side, the system should be able to print
and display any of the files, any selected data set, and the

results of any given analysis.



Tow 2 Implementation

Some of the Ffunctionality has been implemsnted in
prototype software. The implemsntation  has been  guided by
two assumptions.
o The +first is that a multi-user syvstem islulti—
mately a requirement, but not an immediats one. The cuwrrent
implenentation is a single-—ussr system with a user interface
which allows the user considerable latitude in creating,
manipulating, and displaving data and data files.
Va i The second 1is that since (&) relational data base
svestemns are a relatively well understood technigue and ()
muech of  knowledge base +iles and data base files specified
for the system olearly lend themselves to this kind of
treatment, it would be advantagsous to try to opsrate as
much as possible with a relational data base svstem. The
alternative is to develop a custom architecture specifically
responsive to  the representational requirsments and the
functionality regquiremenbts.
e Ry A User®s Manual for thé relational data svstem and
user intertace is presented in Appendix F. This manual
desoribes in some detall  the functional resources provided
by the software.
Te2ad All of the software developmsnt to data has been

cdirected toward (a) the use of the process representations



tao interpret facts in the Fact File and (py} the user
interface for gueryving., displaving files, and creating and
manipulating files.

RIS ) Within this scops, the majior functionality ~yet to
be implemented is the inference engine whiéh would manage
the basic matching capability in accordancs with  the
Fierarchical and recursive structwre of process representa-
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8.0 CURRENT OUTLOOE

In this section we survey areas needing further
development or analyéis.

8.1 Representational Requiremsnts

Many processes which would be of interest are not as
simply represented as the example of Table 6a.
He il Farallel Frocesses/Sequence Overlap

A process necessarily has sequential component proc-
esses (the stages). It may well have parallzl component
processes. For example, in a football game there is a
natuwral sequential structuwre, i.e., the seguence of plavys.
But there is also a natural structure of parallel compon-—
ents, namely, the actions of individual plavers and offic-
ials either during a given play or throughout the game. The
representation of parallel components adds complexity to the
representation of sequential components.

Two formal options are available. The first is to give
separate process representations to the parallel components
and specify points of coincidence (starting point in common,
2rnd point in common, etc. —-— there are eight possibilities
here). The second is to retain the basic sequential
representation but allow some overlap in the occurrence of

different stages. I+ we push the overlap to the limit, we
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have the same eight possibilities -—- otherwise there are
SEVEnN.

A limited ‘solution can be achieved in many cases by
making the bverlappihg stages into a single stage with two
parallel components having the same beginning point (the
start of the earliest) and the same ending point (the point
where both have ended). This solution was adopted in
connection with the many preparatory activities specified in
the discursive F5 Scenario as successive stages. However ,
it is clear that a more systematic method of representation
is called for.

il Optional Stages/Indefinite Mumber of S5tages

The number of stages 1in a given process may not be
fixed (i.e., not the same for all Versions of the process).
(a) For example, the occurrence of a given stage may be
contingent on some specified conditions. (E.gQ.. 1N a convoy
with multiple stops, a rest period between stops is
optional.)

(b) Or again, the number of stages may be contingent on
some specitied conditions. CE. aae if  the btrucks in a
convoy deliver their loads one at a time, the number of
Stages in  the delivery process will vary with the number of

trucks in the convoy.)

59



These cases do call for more complex representation buat
that does not appear to raise any general difficulties.
The issues raised for the inference’ engine in the computer
implementation are_potentially more complex.

Balies Fragmentary Representation

The amount of information that must be speciftied for a
complete process presentation ("complete” at the normal
level required for processing) is generally large and may be
very large. Fresumably there will be a significant number
of cases where it is not all available, but some of it is,
50 that we wind up with a fragmentary representation.

Badeo il We have dealt with two systematically incompletes

forms of process representation, i.8., Means—-Ends descrip-
tion and Task Analysis. However, when we have incomplete
knowledge about the process there is no guarantee that we
will have all the information for either a Means-Ends
description or a Task Analysis. Thus, the availability of
these forms of description does not solve the problem in
principle.

8Ll an 2 In principle, any deagree of representation is
better than none, and it may be the case that bevond a
certain bare minimum of specification {(to get the represent-
ation above the noise level, as it were) that will turn out

to be the case. As previously, it appears that the most

100



serious problem is likely to be with the automatic process-—
ing of such representations rather thanm with the fragmentary
representations as such.
8.1.4 Nameless Relationships

Some of the descriptive schemas., notably those for
obiects and states of affairs, call for a specification of
relationships among components or between a component and
the whole of which it is a part. Often, these relationships
are unproblematic, but also we have no name For them. For
example what is the relationship between
(a) A corporal in a platoon in one regiment and a captain
who leads a company in another regiment in the same
Diwvision,
(b) The controller in the tower and the navigator of one of
the aircratt supervised by the controller,

() The turret and the tread of a tank

G T T i e
B8.1.4.1 In such cases we can introduce purely nominal
relationship names, (= i "the turret-tread relationship."”

"the controller—-navigator relationship.”" and so on. These
specifications may meet the procedural requirements for the
representation, but they will be vacuous and uninformative.
For that reason standard automatic processing may not be

possible.
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8.1.4.2 This possibility is wvery similar to the issue
{above) of fragmentary representation. In both cases we are
missing the kind of information that is normally required
fpr a complete (i.e.., working) representation, and it seems
possible that the same resolution will work for both.

Buil5 Endless Lists

A process may be familiar and non—-problematic in a
pragmatic sense, but have an infinite set of Options and
Versions. For “ample, any version of "A goes from point EB
to point C" will have this feature.

In this case our major option is to categorize the
UOptions into a finite set of categories. In order to
minimize the arbitrariness of the categories, we may use
multiple paradigm cases to anchor these categories.

SR Implementation

As noted previously, there are two aspects of the
implementation which need further development.
B ekl Inference Engine

The simple implementation of inference dirawing and of
backward and forward chaining is not per se a complicated
matter. It is the complexity of the logical structures over
which the chaining operates that makes the implementation
complex. In the present case, compleﬁities or possible

complexities stem from the following.
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(a) the hierarchical and recursive structure of process
representation (and obiect and state of affairs representa-
tion as well)

(b) the need to process systematically incomplete or simply
incomplete representations as well as complete ones

(c) the need to preserve the identity of individuals across
representational boundaries

(c) the heterogeneity of Eligibility and Contingency
restrictions

() the heterogeneity of process representations (simple
sequence vs overlap vse parallel; fixed stages ve optional

stages; fixed vs variable number of stages).

(= e Simulation/Repressntation wvs Data Base/Knowledge
Dictionary

Conceptually, the &SA GSystem is designed for simula-
tions. Its most direct use is to reconstruct what is going
on on the basis of existing information. However, to
operate in this way would require the introduction of
certain features which are characteristic of individual
persons but which differ significantly among persons. For
example, we would include a compatibility or degree of

evidence function for drawing conclusions (How much of it do
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I have to see before I conclude that this is what is taking
place?)
However, a data base Foro s Cal analysis must be

accessible to different users, and different users will in

general differ in their compatibility criteria {among
others) . The emphasis, therefore shiftts to identifying
evidence, degree of compatibility, identifying

possibilities, etc. rather than straightforwardly drawing
conclusions. In turn, this imposes additional complexities
on the functioning system. Ultimately, the problem is that
of constructing a Fnowl edge Ease Management System.
Fortunately, since the problems are parallel to those of a
DEMS, we would expect that many of the solutions will be

parallel also.
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FaQ RELATION TO OTHER AI AFFROACHES

There are about half a dozen currently well known Al
approaches. Since they are qualitatively difterent it is
difficult to compare them with one another. It is equally
difficult to compare them to the State of Affairs approach.
Caertain relationships are worth noting.

P.1 Rules

A "rule-based system" is one in which the knowledge
base consists primarily or entirely of rules having the form
"I+ A then F.," where A may be any set of conditions and F is
either a conclusion or an action.

e e In the system described in Sections 3, 7, and 8
there are two places where some implementation by means of
rules is plausible. These are in the Eligibility and
Contingency specifications. For sample "Option 7.1.10.3
IFF Option 7.1.6.2" or "If Driver () then Ferson (x)".

b ) It is interesting to "note that the heterogeneity
of content in these specifications was seen as a potential

source ofiditficulty (Section 8.2.1%.

b A T This suggests a general principle, namely that a
rule-type implementation is most appropriate when the
content has no supporting logical structure and must
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thereftore be dealt with in a more or less completely ad hoc
WAY .

Consider, for example, the transformation from "on
highway E&6ZF" to "on the path from the EMS retinery to Jena
air base". The implementation described above involved
table lookups and matches. Even when direction of travel
and approximate location, e.g. "10 miles west of Gera", are
added, as they will need to be, the implementation will be a
straightforward table lookup and match. One could write a
set of rules for performing these transformations, but that
would be pointless and inefficient. It would be pointless

because there is enough logical structure in the Fath File

so0 that a single set of instructions will work for any of

the paths; we therefore do not nesed a separate instruction
(rule) for each case. It would be inefficient because in
general , calculation is more efficient than rule

implementation.

Gl 351 A good analogy is the difference between a
mathematical formula and a decision table. I+ a formula
will do the Job., that is generally preferable, since the
formula itself is informative and ®asily implemented. It is
when there is no formula that we consider the option of
taking the possibilities one by one and stipulating what to

do in that case.
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7.2 Frames
A "Frame" is a notational device for collecting sets of
things that "go together". Minsky’ s example of a birthday

patty as including children, cakes, candles, and games 1is a

classic one. To introduce a frame with its "slots" filled
is equivalent to saying "These things go together ——
somehow. "

b Unlike the case with rules, there is not a portion

of the system described above where a frame implementation
is especially plausible. 0On the other hand, there are more
places where it would not be particularly implausible.

For example a given Social Fractice and the set of
Elements for that practice would fit Minsky’s birthday party
example, i.e. the frame would identify the thing is question
and it would contain the things that '"go together" as
ingredients. Similarly for the 1list of Obliect attributes
for a given obliect, the collection of social practices in a
given scenario, the set of eligibility reqguirements for a
given Element in a given SF, and the set of mobile obliects
in the domain.

Do E Note that in all of these possible frame
implementations what we are dealing with is something that
has a place in & logical structure. (E.g., the Obiect is

one of the obiects in the domain and 1t has certain
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relationships to other obliects and processes; its
attributes are not bJust a collection of attributes —-— they
are its attributes.)

What we have in each of the examples is a set of things
that are represented as going together in certain ways.
Because of this, we do not need an additional representation
of the fact that they go together somehow.

e This suggests that frame implementation is most
appropriate when we have a collection of things that is not
anchored in a structure 1in which they are related, but we
know that they go together and something about how they go
together. Under these conditions the grouping must be
accomplished in what is, from the standpoint of the rest of
the system, a purely arbitrary way and the handling of the
group must be done ad hoc.

Y24 This result is similar to that for rules. In both
cases we have a situation where something has to be done ad
hoo -in an  arbitrary way because there is not enough
(structure, content, representational power) in the system
to make it anything other than ad hoc.

S asE This review leads to the potentially valuable
suggestion that there is a natural complementarity between
the representational thrust of the State of Affairs approach

and the implementation methodology of rules and frames.
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That is that more powerful representation reduces the need
for ad hoc procedures, but since man's reach exceeds his
arasp, there is likely to be a continuing gap between
representational capability and the requirements of
particular applications; rules and frames can help bridge
that gap.

2.3  Socripts
The resemblance of a script to a social practice

representation is obvious. Specifically, a script will (a)

mention Elements in the process, (b)) identify Stages in the

process, and (c) identify some Opticons for these stages.

Moreover, (d) it has a recursive logic insofar as a script

may involve sub-scripts.

The differences are fundamental . These include
the following.

(a) Scripts are keyed to some customary versions of the
process and incorporate a limited range of options
process description is designed to elucidate all
possible versions of the process;

() Frocess representations are connected conceptually and
notationally to the concepts of obliect, event, and
state of affairs whereas scripts form an isolated

conceptual apparatuss; as we have seen, these
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e e e B

—

connections are essential even in representing a
process as suchs

(c) The richness of structure of actual processes reqguires
state of affairs descriptions for intermediate points
and for specifying Eligibilities and Contingencies;
without comparable rescources Script representation of

processes makes them oversimplified and mechanical.

Needless to say. what can be respresented in a Script
can be represented in a social practice description. To be
sure, one may not always need as much representation as a
social practice description provides.

Z.4 Semantic Nets and Inheritance

A semantic net is a schema in which one can introduce
some  number of discrete items and specifty one oF more
relationships between any pair of items. There 1is no
restriction on what kinds of item or what kinds of
relationship can be introduced. Relationships which are
commonly included are "isa", i.8., is an instance of, and
"hasa', AR iy a possession relationship. Attributes or
other pieces of information can be collected at any node.

"Inheritance" arises in connection with "isa". Where
there is a genus—species relationship between two items, the

attributes of the genus are "inherited" by the species or
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specimen and therefore do not have to be exuplicitly
assoclated with it, since the association can be calculated.
Dol "Inheritance” appears to be an implementation
technique rather than a representational one. It is not
distinctively associated with semantic net methodologys
rather, it can be used in almost any representational or
computational context.

F.4.2 Because the formal structure of a semantic net is
a set of links between pairs of items, it seems clear that
the greatest uwtility of semantic nets 1is in the
repressntation ot two—-place relationships. Mot
surprigingly, it has corresponding limitations.

Qs byl For relationships involving more than two items
neither the formal structure nor the notation is suitable.
For example, it would be a complicated matter to represent a
single entry in the Fact File (Table 73 Appendix E).

Sl Sl The representation of a complex logical structure

such as is given by the Frocess schema (BFU) or the Obliect

schema (BOU) or the 5A schema (5L would be even more
complicatead. It would also be inefficient.
Ped.ZE As in the case of rules and frames, where there is

a systematic 8A system representation, a semantic net is
redundant. For example, if we represent several individuals

as being related to one another as particular Elements in a
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given social practice, we do not in addition need a semantic
net to tell us that these elements are related and give us
the name of the relationship. It is rather when there are
no underlying logical structures that we need some way of
introducing some structure, and a semantic net will do that.
2.9 GOALS

The GOALS approach is one which structures behaviors in
terms of a task analysis. Behaviors are SEeen as
implementing the component tasks in a task analysis, and the
latter shows the coherence that exists among the various
behaviors.

Task Analysis was discussed above, along with
Means—-Ends Description, as an incomplete faorm of Frocess
Description. The two notions of Task Analysis appear to be
roughly the same. The general notion appears to be more
extensively and systematically developed in the 84 System
framework. Thus, for example, we systematically distinguish
(a) the types of cases where the achievements are sequential
and the desired state of affairs is the last achievement in
the sequence f1om - {b) the types of cases where the
achievements are cumulative and add up to the desired state
of affairs (they Jointly gualify as the desired state of
atfairs) from (c) the types of cases where the achievements,

including the desired state of affairs, are neither
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cumulative nor sequential. but are all accomplished
simultaneously.

2.6 A review of the relationships to other Al approaches
shows two majior kinds.

dE S Three of the common approaches {(rules, frames,
semantic nets) have a relatively loose logical structure
which allows heterogeneous elements and relationships to be
introduced ad hoc and processed ad hoc. In those areas
where a logically structured set of representations such as
5A system representations is implemented, such methods are
not needed. They might., however, be used to extend the
scope of an S5A-based system into areas not covered by SA
representation.

AR Two others (scripts, GOALS) appear to correspond
quite literally to a portion (process representation) of the
5A methodology but in simplified and isolated form. These
do not provide any resouwrces which are not present in more
highly developed form in the 5A system.

Folaie s The 54 model accounts for all the categories of
"what there is" and does so at all possible levels of detail
and across aor within all possible discrete time intervals.
It can, in this perspective, be considered as a super—-set of
knowledge representations in which all other representations

can be formulated as restricted versions. This strongly
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suggests that SA could, in principle, Serve as a common
schema for knowledge bases through which existing ar future
expert systems could communicate. Moreover, since SA can be
formulated as a normalized relational schema, the practical
foundation for implementing S8A in this capacity already
exists. N B This implies that every existing knowledge
representation structuwre has a normalized relational schema
aven though it may not vyet have been formulated by its

advocates.)
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10.0 CONCL.USTONS

As noted in Section 8.0, the - development of
representational requirements and functionality requirements
ig not considered complete at this time. However., the aresas
in which potential problems might arise do not appear to
offer any decisive difficulties. The fact that a
significant proportion of the potential problems are related
to the inference engine underlines the importance of
developing a fully implemented prototype system to serve as

a test bed.



AFFENDIX A

INSTALLATIONS AND FACILITIES
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Bridges

1. Litomerice Hiway River Bridge

2. Zatech RR and Hiway Bridge Comples
Z. Zwickauer Mulde River EBridge
4. Durnburg RR and Hiway River Bridge
S. Hohen Hiway Bridge
6. Weimar RR Bridge
7. Botha RR and Hiway Bridge Complesx
8. Fuhndor+ Hiway Bridge

Fower Facilities
1. Stara Sedlo Fowr Froduction Facility

~y

2. FEralupy Fower Production Facility

Z. Freiburg Nuclear Fower Flant
4. Gera Fower Froduction Facility

Railroad Facilities
1. Chrasi Rail Turning Yard
Nove Sedlo RR Siding and Switching Yard
. Fossneck RR Yard and Break Foint
. Erfurt RR Round House

Ls L4 B3

Military Facilities
1. Flzen BRarracks
2. Easter-Tepla Rarracks
Ze Usti Military Compound
4. Firna Military Compound
5. Greiz Army Compound
6. Suhl Rarracks
7. Eisenach Military Housing Facility

Repair and Maintenance Facilities
1. Flzen Tank Fark % Maintenance Facility

2. EMS (Earl Marx Stadt) Truck and Cargo Yard

Z. Earlovy Vary Mobilizer and Launcher Yard
4. Bchneeberg Tank Fark

3. bera Tank Fark and Track Repair Facility
doe Manenberg Truck anmd FOL Vehicle Facility
7. BGotha 5AM Mobilizer Assembly and Fark

Munitions Storage Depots
1. Bad Langensalza Munitions Storage Depot

Weapons Facilities
1. Frag 5AM and FLOT Assembly Facility

~

2. EMS Munitions Factory
Al bases
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i 5 A
11.

Tchorovice Alr base (NE Blovice?
Dobris Air base
Zwug Air base (Flzen)
Frag Air base
Fanensky Air base (Mrovice)
Mukarov Air base (Chomutov)
Farlovy Vary Air base
Wilkauw Air base
Jena Air base
Blankenhain Air base
Waltershausen Air base

I. FOL Storage Facilities

1'

-r
-t

4.

5-

b.
7.
8.

Bor FOL Storage Area

Schneeberg FUOL Storage Facility

EME FOL Complex

Manenberqg FOL Storage and Shipment Facility
Schleiz Bulk POL Storage Facility

Neustadt Jet-A Storage and Fumping Station
Grafenrod FOL Storage Area

Bad Salzungen FOL Storage Site

J. Radar and Fire Control Facilities

1.

2
. w
-
-t m

4.
e
b
7.
8.
e
10.
11.
12,
135,
14.
1.3
16.
177
1.8
19.
20.

~
21
3
AR
e
el

24,

—~
e ved ®

Vodnanv Missile Control Site
Rudolstadt Missile Launch Site
lonzig Filter Center (ABM Radar Site)
Tambach-Dietharz Fire Control Complex
Altenburg Missile Control Compleax
Bhubel Air Defense Complex
Kimze Early Warning Site
Vacov GCI Facility
Radosice FC Radar Site
Mysliv MC Radar Complex
Nalozovice FC Radar Complex
Horzovsky TYN FC Radar S5ite
Unehle Missile Radar Control Site
Marianske lLLazne FC Radar Site
Dobris GCI Control Facility
Bukov FC Radar Site
Sokolov FC Radar Site
Strov Radar Site
Chomutov Missile Control Radar Site
Mikulasovice FC Radar Site
Viadimerice FC Radar Site
Doubov Early Warning Facility
Flaven FC Radar Site
Beierfeld FC Radar Site
Eibenstock Early Warning Facility
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26H. Usti Missile Control Facility
27. Reichen FC Radar Site

28. Tripris FC Radar Site

29. Schlottwitz FC Radar Site

30. Dippoldiswald Missile Control Site
Z1. Eppendorf Early Warning Site
Z2. Nossen FC Radar Site

Z3. Lobstadt FC Radar Site

24, Forenfahlis FC Radar Site

3. Magdala FC Radar Site

ZbH. Bad Blankenburg FC Radar Site
37. Buhl FC Radar Site

38. Bad Liebenstein FC Radar Site
292. Brientenbach GCI Facility

40. Eissenach FC Radar Facility
41. Weimer GCI Site

.. Missile Sites
1. Btutzerb Missile Site
2. Nalozovice S5AM Site
Z. Horovsky TYN SAM Site
4, Unehle SAM Site
J. Marianske Lazne S5AM Complex
&. Bukov SAM Site
7. Sokolov 5AM Site
8. Strov SAM Site
7. Chomutov SAM Site
10, Mikulasovice 5AM Site
11. Vliadimerice SAM Site
12. Vaodnanv SAM Site
1%, Radosice 5AM Bite
14, Flaven SAM Site
15. Beierfeld 5AM Site
16. Usti S5AM Site
L 17. Reichen SAM Site
18. Tripris S5AM Site
1?2. Schlottwitz SAM Site
20. Dippoldiswald SAM Site
! 21. Nossen 5AM Site
22. Altenburg 5AM Site
2%. Lobstadt 5AM Site
24, Fohrenftfahlis S5AM Site
28. Madgala S5AM Site
26. Bad Blankenburg S5AM Site
27. Suhl 5AM Site
28. Bad Liebenstein 5AM Site
29. Eissenach SAM Site

1ty
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AFFENDIX E

FORWARD UNITS
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FORWARD UNITS

1. 7th Motorized Rifle Division: Flzen Barracks
a. 88th Artillery Brigade
b. Z7th Motorized Infantry Regiment
c. 2Znd Motorized Infantry Regiment
d. 26th Tank Brigade

2. 3rd Army: Suhl BRarracks

a. 47th Armored Division

b. ?29th Mechanized Infantry Division
c. 77th Armored Division

Z. 12th Army: Greiz Army Compound
a. 17th Armored Division
b. 83%rd Mechanized Infantry Brigade
c. 44th Artillery Brigade
d. 12%3rd Mechanized Intantry Brigade




——

AFFENDIX C

FATH FILE




FATH FILE

From To Seq Hiway Dir Hrs.

Manenberg FOL Facility Zwug Air Base 1 174 SE

Manenberg POL Facility Zwug Air Rase 2 7 SE

Manenberg FOL Facility Zwug Air Base 4 27 5 3. 20
2 KMS POL Facility Wilkau Air Base 1 169 8 1.00

EMS FOL Facility Jena Air Base LIRS W

EMS POL Facility Jena Air Rase 2 a8 M 2,80

KMS FOL Facility Blankernhain Air Base 1 E&E W

kMS FOL Facility Elankernhain Air Rase 2 a7 Sk

kEMS FOL Facility Blankernhain Air Base I 85 SE 3R7S
o EMS POL Facility Waltershn Air Rase 1 EQE W S 00

Manenberg FOL Facility Tchorovice Air Base 1 174 E

Manenberg POL Facility Tchorovice Air Base

3
~
m

Manenberg FPOL Facility Tchorovice Air Base

el
]
~l
m

Manenberg FOL Facility Tchorovice Air Base 4 20 3

Manenberg FOL Facility  Tchorovice Air Base 19 E 4.25

)]

Manenberg FOL Facility Mukarov Air Rase 1 174 E
Manenberg FOL Facility Mukarov Air.Base 2 7 E 1)
Manenberg FOL Facility Frag Air Base 1 174 E
Manenberg FOL Facility Frag Air Base 2 7 E 3.10
Manenberg FOL Facility Fanensky Air Base 1 174 E
Manenberg FOL Facility Fanensky Air Base 2 g E
Manenberg FOL Facility Fanensky Air Base 3 27 5
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# From To Seq Hiway Dir Hrs.
Manenberg FOL Facility FPanensky Air Base 4 20 5
Manenberg FOL Facility Fanensky Air Rase b 19 E 2. 00

10 Manenberg FOL Facility karlovy Vary Air Base 1 174 E
Manenberg FOL Facility kKarlovy Vary Air Base 2 7 E
Manenberg FOL Facility karlovy Vary Air Base 3 13 SW
Manenberg FOL Facility Karlovy Vary Air Base 4 20 E 2.30

11 KMS POL Facility Schneeberg FOL 1 169 5 1.00

Facility
12 EMS .POL Facility Manenberg FOL 1 174 SE 4=
Facility

13 bGreiz Army Compound Gera Tank Yard i 92 N 1,00

14 Suhl Barracks Gera Tank Yard if 247 N
Suhl Barracks Gera Tank Yard 2 G E6D E 4,00

13 Plzen Barracks Flzen Tank Yard 1.00

16 EKMS Munitions Factory Greiz Army Compound 1 173 5
EMS Munitions Factory Greiz Army Compound z2 92 W b O

17 EMS Munitions Factory Greiz Army Compound 1 E&Z S
EMS Munitions Factory Greiz Army Compound 2 92 W 2.00

18 KMS5 Munitions Factory Suhl Barracks i E&Z W
EMS Munitions Factory Suhl BRarracks Z 247 5 5. 00

17 EMS Munitions Factory Flzen Barracks 1 174 E
kMS Munitions Factory Flzen Barracks 2 7 E
FMS Munitions Factory Flzen Barracks 3 20 5 5.50

20 PFrag Munitions Factory Greiz Army Compound 1 7 N



From To Seg Hiway Dir Hrs.

-3
&)

5]

=1

Frag Munitions Factory Greiz Army Compound 2 174 M

Frag Munitions Factory Greiz Army Compound 3 173 5

Frag Munitions Factory Greiz Army Compound & 92 W 6.30
Frag Munitions Factory Suhl Barracks 1 7 N

Frag Munitions Factory Suhl Barracks 2 174 NW

Prag Munitions Factory Suhl Barracks 3 E63 W

Frag Munitions Factory Suhl Barracks 4 247 5 ?.30
Frag Munitions Factory Flzen Barracks i E12 SW 2.30
Manenberg FOL Facility Dobris Air Base 1 i74 E
Manenberg FOL Facility Dobris Air BRase 2 74 E
Manenberg FOL Facility Dobris Air Rase 3 12 E
Manenberg FOL Facility Dobris Air Rase 4 4 5 4,60
EMS POL Facility Bor POL Facility 1 E&Z SW

EMS POL Facility Bor FOL Facility 2 92 SE

MS FOL Facility Bor FOL Facility 3 21 8E

KMS POL Facility Bor POL Facility A BBl R SW 4,80
kMS FPOL Facility Bor POL Facility 1 174 E

EMS POL Facility Bor FOL Facility 2 7 E

FEMS FOL Facility Bor FOL Facility 3 27 5

EMS FOL Facility Bor POL Facility 4 Eld W 5. 00
KMS FOL Facility Schleiz POL Facility 1 E&3 E

FMS FOL Facility Schleiz POL Facility 2 2 g8 2.40
kMS FOL Facility Schleiz POL Facility 1 E&2 =]
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# From To Seq Hiway Dir Hrs.
kKMS FOL Facility Schleiz POL Facility 2 282 E
kM5 POL Facility Schleiz POL Facility 3 2 N2, 50
28 KMS FOL Facility Bad Salzungen FOL 1 E&E E
Facility
kMS FOL Facility Bad Salzungen FOL 2 19 =
Facility
EMS FOL Facility Bad Salzungen FOL 3 62 E 4,75
Facility
29 KMS POL Facility Neustadt POL Facility 1  E&3 E
EMS FOL Facility Neustadt POL Facility 2 2 5
KMS FOL Facility Neustadt FOL Facility 3 281 Ei 260
20 EMS POL Facility Neustadt POL Facility 1 173 SW
EMS FOL Facility Neustadt FOL Facility 2 178 W
EMS POL Facility Neustadt FOL Facility 3 2 S
EMS FOL Facility Neustadt FOL Facility 4 281 E 2Ol
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AFFENDIX D

FREEMFTIVE STRIKE SCEMARIO
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1: Announce Large Fact Exercise involving ground and air forces

1.1: Option 1: Live Fire Exercise

§ T8 R Stage 1: Use Diplomatic Channels to announce exercise
1.1.2: Stage 2: Call Major Commanders from Germany % Foland
1.455: Stage 3: Issue Misleading Exercise oriented messages
1.2: Option 2: Mere Exercise

152280 Stage 1: Call commanders for briefing on "exercise"
128 Stage 2: Announce exercise locally

1.208: Stage 3: Misleading troop movements locally - rehearsal
.52 Option 3: Command and Control Exercise

10 Sages Stage 1: Brief Commanders

LR R Stage 2: Conceal Troop Movements by spreading over time

: Build up resource reserves for operations

2.1: Increase production at Frag munitions plant

FL e i Stage 1: Increase rate of arrival of raw materials

i L Option 1: Conceal by holding constant # of shipments but

increase load
211,28 Option Z: Increase both # of shipments and loads

s e Stage 2: Increase the employment and shifts at plants

2. s2a s Option 13 Conceal through pursuing normal resupply
announcements

2ol N2 2 Option 2: Conceal through plant expansion announcements

2elyZade Option o Recruit and expand operations without
explanation
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Pl h BiE s Stage Z: Increase the rate of shipments of munitions

210518 Option 1: Resupply at night
2a 103028 Option Z: Conceal loads
Zoa M ey Option 3: Obvious resupply

2.1.4.: Stage 4: Increase the stockpiles of munitions at storage

areas
P B L Option 1: Conceal through revetment and cover
2 Lo 28 Option Z: Open resupply and buildup

2.2y Fill FPOL storage tanks at Bor POL storage area

2=251% Stage 1: Fill tank trucks at refinery

el Option 1: Increase tank truck fleet
gl 28 Option Z: Use existing tank truck fleet
PRy Stage Z: Transport fuel to POL storage area

o A e B Option 1: Independent delivery schedule
Ludede 2t Option 2: Convoy
L2 St Stage 3: Fill storage tanks

220500 Option 1: Top off existing tanks

%

e Option Z2: Supplement existing tanks with bladders

on-site tankers
2.3: Off-load 5AM missiles at Nove Sedlo RR siding
i dila Stage 1: Assemble SAM transports at RR siding
g R s [ Option 1: Conceal assembly with sheds

R P e Option 2: Assembly in the open

. e Stage Z: Load SAMs onto transports
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Option

Option
Stage 3

Option

Option

1: Load SAMs at night

2: Load SAMs in open

Move trucks to SAM sites

1: Deliver to sites independently as loaded

2: Assemble convoys for delivery

2.4: Increase repairs on tanks in Tank Fark % Maint Facility

2.4.1:

e A

2.4.3.2¢

2.4.4:

2.4.4.1:

2.4.4.2:

2.4.5:

2.4.5.1:

]

£

)
Dl R o

2

2.9: Increase

Stage 1:
Option
Option

Stage Z:
Option
Option

Stage I

bays
Option
Option

Stage 4:
Option
Option

Stage S:
Option

Option

stores

Increase personnel working on tanks in yard

1: Increase # of workers in yard

2: Increase hours of existing work force
Diagnosis of tanks in yard

1: Trained workers examine each of tanks in yard
2: Tank crews perform triage

Movement of tanks needing little repair to repair

1: Tank tow of inoperable vehicles to end of line
2: Movement of operable vehicles to front of line
Increase incoming materials needed for tank repair
l: Conceal delivery of materials and storage

21 Delivery and storage in open

Immediate shipment of tanks following repair

1: Pick up by assign tank crews

2: Delivery by maintenance staff

stockpiles of weapons in Bad Langensalza Munitions
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H

Zubadions

2ibpln 2

Lo R A
A B

iaw M S 3
2D

2a 603

L SR B

A S

T

2a7el:

Option

Stage 1:
Option
Option

Stage Z:
Option
Option

Stage 3:

Option

Option

Stage 1:
Option
Option

D
o

Stage

Increase shipments of incoming munitions to storage
1: Conceal the shipment of incoming munitions
2: Delivery in open

Construct temporary storage facilities
1: Construct as needed
2: Total construction of all'needed storage
Revet weapons stockpiles.

In conijunction with building

Independent of building storage facilities

Increase training at Firna Military Compound

Increase the number of incoming troops

1: Conceal troop movements

i)
i

Troop movements in open

Construct temporary housing for incoming troops
1: Construct as needed
Construct in anticipation

2
o3

Increase the level of training activity in compound

—

: Normal training activity

D
e

Special training activity

Fill FOL storage tanks at Schneeberg FOL Storage Facility

Assemble tank trucks at refinery’
1: Increase fleet of tank trucks

D
s

Use existing fleet of tank trucks

Fill tank trucks
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Za T8 1t Option 1: Conceal filling operations

i Option 2: Fill tankers in open

ERLY AR Stage 3: Transport fuel to Schneeberg

P Option 1: Independent delivery

R Option Z: Travel in convoy

2.7.4: Stage 4: Fill storage tanks

2ulesals Option 1: Top off existing tanks

AR L Option 2: Supplement existing tanks with bladders, etc.
Z2.8: Increase refining production at Karl Marx Stadt FOL Complex
2e8a 1 Stage 1: Increase level of incoming shipments of crude oil
2.8.00. 18 Option 1: Conceal incoming shipments of crude oil

A S Option 23 Increase openly number of crude arrivals
8.2 Stage 2: Increase personnel and shift work at refinery
2842518 Option 1: Conceal the increase through longer shifts
2.8 2,22 Option Z: Openly recruit workers and add shifts

85 Stage I: Increase shipments of FOL

2.80300x Option 1: Conceal loading and FPOL movement

St aras Option 2: Openly increase FOL shipments

2.9: Increase crude shipments to KMS FOL Complex through Manenberg
25981 Stage 1: Increase the incoming rail shipments of crude oil
2 Tasl Gt Option 1: Conceal by using larger trains and cars
2050 Option 2: Openly increase by more trains

2000 Z: Stage 2: Increase the level of crude off-loading from cars

22l Option 1: Conceal off-loading operations

v
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220202 Option
2.10: Increase EBIV
2.10.1: Stage 1:

2o1051 s Option
2500.102: Option
2.10,2: Stage 2:

2o 10,2018 Option

2710,2,2: Option

Lo
i

Off-load in open

area for training - Griez Army Compound

Build temporary tent platforms in BIV areas

—

)
ia

Conceal by building as needed

Build up to meet proiected needs

Erect temporary shelters on platforms

1z

L
“a

Conceal by erecting as needed

Erect to meet proiected needs

2.11: Fill bladders in Schleiz Bulk POL storage

2.11.1: Stage 1:
2 11 1 Option
2l lands Option
2.11.2: Stage 2@
Pt Rt Option
Bl s A Option
2.11.8: Stage 3
o G WA U Option

il G kgl Option

Fill tanker trucks at refinery

1z

2

Increase tank truck fleet

Conceal by using existing tank truck fleet

Transport fuel to Schleiz

17

D
o

Independent delivery

Assemble convoy

Fill bladders from trucks

1:

28

Top off current bladders

Increase the number of storage bladders

2.12: Fill tanks at Grafenrod FOL Storage

2.12.1: Stage 1:
SR Bt Gl Option
0 Lo I e Option
2.12.2: Stage 2:

Rl 202010 Option

Fill tank trucks at refinery

1:

A
o

Increase tank truck fleet

Use current tank truck fleet

Transport fuel to Grafenrod

1

Independent delivery
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o L 252020 Option Z: Assemble and deliver in convoy

2.12.7%: Stage I Fill storage tanks

2. 420301 Option 1: Top off existing tanks

2e 124588 Option 2: Augment existing tanks with bladders and tankers
2.13: Reactivate Bad Salzungen FOL Storage and fill tanks
2.13.1: GStage 1: Assemble maintenance crews at Bad Salzungen
2130000 Uption 1: Small crew - reconstruction over time
2. 1@, 1528 Option 2: Larger crew - complete quickly

2.13,2: GStage Z: Test storage tanks

2udds 2ol Option 1: Test covertly

221552020 Option 2: Test openly

2.13.3: Btage F: Fill tank trucks at refinery

Pl g b Option 1: Increase tanker fleet

2138432 Option 2: Use existing tanker fleet

2.13.4: GStage 4: Transport fuel to Bad Salzungen

2.13.4.1: Option 1: Deliver independently

2.13.4.2: Option 2: Assemble and deliver in convoy

2.13.5: ©Stage S: Fill storage tanks

|

Led

S o Option 1: Fill existing storage tanks

2.13.5.2: Option 2: Augment existing tanks with bladders and tankers
2.13.6: Stage 6: Occupy distribution center

21500, 1 Option 1: Conceal occupation and operations

21536023 Option Z: Occupy and operate openly

2.14: Increase repairs in Tank park and truck repair facility at
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2.14.1: Stage 1: Increase personnel working on vehicles in yards
el eilnds Option 1: Conceal by lengthening shift
2.14.1.2: Option 2: Add personnel to maintenance crew
2.14.2: Stage 2: Sorting of vehicles awaiting repairs
2.14.2:1: Option 1: Vehicles sorted by maintenance crews
2.1402. 2 Option Z: Vehicles sorted by operation crews
2.14.3: Stage F: Increased movement of vehicles awaiting repair
2.14.501 2 Option 1: Randomize vehicles sorted by problems
2.14.3.2: Option 2: Line up vehicles for repair
2.14.4: GStage 4: Increase parts shipments
2.14.4.1: Option 1: Conceal parts shipments
2.14.4,2: Option Z: Openly increase parts shipments
2.14.5: Stage S: Rapid shipment of completed vehicles
e I ke - Option 1: Transport completed vehicles as they are

finished

k3
—

4.3.2: Option 2: Assemble completed vehicles into convoys

2.13: Increase output from Pobneck Steel Flant

2.15.1: Stage 1: Increase the shipments of raw materials to steel
plant

A LT B Option 1: Conceal incoming shipments of raw materials

ZolSsto2s Option 2: Increase incoming shipments openly

2.15.2: Stage 2: Increase the personnel and shift work at plant

-

el Sree Option 1: Conceal increase by lengthening hours



s b o

2o lSale2s Option 2: Openly recruit and increase personnel

: Increase the shipments of finished material

Sela Option 1: Ship as material becomes available

H Option 2: Assemble convoy and ship in bulk

‘2.16: Increase mobilizer assembly rate

2.16.1: GStage 1: Increase incoming shipments of SAM missiles

2ile.d. 10 Option 1: Conceal incoming shipments

20140002 Option 2: Increase incoming shipments openly

2.16.2: Stage 2: Increase level of missile assembly

2.1642.1% Option 1: Increase assembly under cover

2olbe 2.2 Option 2: Increase assembly openly

2.17: Resupply Air Bases

2a074 15 Stage i1 Increase transport traffic to munitions storage
areas

S I SR B I Option 1: Increase transport fleet

e g Option Z2: Using current transport fleet

2.17.2: Stage 2: Load munitions onto transports

2l T2 Option 1: Under concealment

2. 1L 200 Option Z: Openly

2.17.3%3: Gtage 3: Transport munitions to air bases

BRI AR i Option 1: Deliver indepepdently

P i oS Option 2: Assemble in convoy

2.17.4: Stage 4: Off-load munitions into air base storage units

P s Option 1: Conceal off-loading operations
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2.17.4.23 Option 2: Off-load openly
3. Increase readiness status
3.1: Move SA-8 Mobilizers to ends of Litomerice Hiway River Bridge

Selale Stage 1: Mobilizer crews to SA-B8 assembly sites

[9]
-
rJ

Stage Z2: Mobilizer crews man S5A-8 mobilizers

2]
—
A

Stage 3: Crews proceed on major highways to installation

sites

Selal: Stage 4: Crews set up and man S5A-8

.2: Move 5A-8 Mobilizers to south end of Zwickau Mulde River Bridge

S Stage 1: Mobilizer crews to SA-8 assembly sites

Jelalt Stage 2: Mobilizer crews man 5A-8 mobilizers

R Stage 3: Crews proceed on majior highways to installation
sites

2.4 Stage 4: Crews set up and man S5A-8

Z.3: Harden distribution building at Stara Sedlo Hydroelectric Flant

Rl i Stage 1: BSet up construction site at plant

-
=

BeB.22 Stage

P

Deliver reinforcing steel to plant

A

Al Stage

: Set reinforcing steel on existing structure

FuSaas Stage 4: Deliver concretes to plant

DB aicia Stage S9: Four concrete on reinforced structure
Z.4: Move SA-8 Mobilizers to Bor FOL storage area

i e o Stage 1y Mobilizer crews to SA-8 assembly sites

J.4.2: Stage 2: Mobilizer crews man 5A-8 mobilizers

L
S
L

Stage 3: Crews proceed on major highways to installation
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sites

Z.4.4: Stage 4: Crews set up and man S5A-8

Z.9: Move 5A-8 Mobilizers to kEralupy Fower Froduction Facility

M Stage 1: Mobilizer crews to SA-8 assembly sites

SOvEs Stage 2: Mobilizer crews man SA-8 mobilizers

3..0s 58 Stage 3: Crews proceed on major highways to installation
sites

R Stage 4: Crews set up and man 5A-8

Z.6: Move 5A-8 Mobilizers to Weimar KRR Bridge

Baball Stage 1: Mobilizer crews to SA-8 assembly sites

P Stage Z: Mobilizer crews man SA-8 mobilizers

AL R Stage Z: Crews proceed on major highways to installation
sites

RI- PR H Stage 4: Crews set up and man 5A-8

Z.7: Move 5A-8 Mobilizers to Kuhndorf Hiway Bridge

St Stage 1: Mobilizer crews to 5A-8 assembly sites

Bl Stage 2: Mobilizer crews man SA-8 mobilizeré

O A Stage 3= Crews proceed on major highways to installation
sites

3744 Stage 4: Crews set up and man 5A-8

Z.8: Move SA-8 Mobilizers to Pobneck RR yvard and Break point

DB Stage 1: Mobilizer crews to SA-8 assembly sites

G = Stage 2: Mobilizer crews man SA-8 mobilizers
PR = ] Stage 3: Crews proceed on major highways to installation
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sites

3.8.4: Stage 4: Crews set up and man 5A-8

3.9: Move SA-8 Mobilizers to Gera Fower Froduction Facility

AN B Stage 1: Mobilizer crews to SA-8 assembly sites

R Stage Z2: Mobilizer crews man SA-8 mobilizers

Ry ) Stage 3I: Crews proceed on major highways to installation
sites

D Pl Stage 4: Crews set up and man SA-8

3.10: Revet above ground pipelines from Grafenrod

3.10.1: Stage 1: Move earthmoving equipment to pipeline

3.10.2: Stage 2Z: Revet the pipeline

3.11: Move SA-8 Mobilizers to Bad Salzungen FOL Storage Area

Z.11.1: ©Stage 1: Mobilizer crews to S5A-8 assembly sites

Z.11.2: GStage Z: Mobilizer crews man 5A-8 mobilizers

Z.11.3: Gtage 3: Crews proceed on major highways to installation
sites

3.11.4: GStage 4: Crews set up and man S5A-8

3.12: Harden radar facility at Kiemze early warning site

J.12.1: Stage 1: Set up construction site at plant

ra

3.12.2: Gtage Z2: Deliver reinforcing steel to plant

3.12.3: 5Stage

il

: Set reinforcing steel on existing structure
J.12.4: GStage 4: Deliver concrete to plant
3.12.5: GStage S: Four concrete on reinforced structure

Z.13: Activate Radnice FC Radar site



— ——r—

Z.13.2: Stage 2:
3.13.3: BStage 3:
Z.13.4: Stage 4:

Z.14: Upgrade Zwug
Z.14.1: GStage 1:
F.14,2: GStage 2:
Z.14.3: GStage I:
3.14.4: Stage 4:

3.14,.5: Stage S:

Man the Radnice Radar site

Mount radar at site

Frepare pads for air defense system
Install air défense sysfem

Air Base to Full Status

Set up air field lighting

Set up air servicing control
Construct munitions storage facility
Improve drainage on =ast end

Increase FOL storage

4: Deploy men % equipment

4,1: Distribute munitions from Frag munitions plant

4,1.1: Stage 1:
4.1.22 Stage Z:

4.1.5: Stage I

Trucks move to loading dock at north end of building
Load completed S5AMs onto trucks

Move trucks with S5AMs to missile mobilizer vards

4,2: Vacate Hg Bldg and Barracks at Fleen Barracks

e Stage 1:

]

4% 25 Stage

L Stage

e

4,.2.4: Stage 4:

4,2.5: Stage S:

4,3: Deploy H@Gs
Schwabach

AR Stage 1:

Increase troop trucks into Barracks area
Load troops onto trucks by unit
Transport troops to deployment area
Off-load troops

Return trucks to barracks area

22nd Armored Division Reserve Unit along E12 - target

Increase the troop strength of the reserve unit
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4.3, 2 Stage 2: Assemble the equipment needed to serve the unit

4555 Stage Z: Man the armored division®s eguipment

4.3.4: Stage 4: Deploy the equipment and troops by unit

4.3.5: Stage 5: Move the Hgs to the field

4.4: Deploy HAs 4th Motorized Rifle Division along #2&6 - target
Regensburg

4,4,1: Stage 1: Assemble Division’s motorized equipment

4,4,2: Stage 2: Load troops onto equipment by unit

4.4,3: Stage 3: Deploy equipment by unit

4.5: Truck spare SAM missiles to deployment sites

4.5.1: Stage 1: Assemble trucks at rail facility

4,5.2: Stage 2: Load spare 5AMs onto trucks

GeTanSt Stage I: Move trucks from rail facility to a 5AM site

4.4: Deploy vehicles from Tank park % Maint facility to units

42641 Stage 1: Move tank crews to Tank park

4,.6.2: Stage

]

: Man operational vehicles

4.6.3: Stage

o

Move operational vehicles to units

4.6.4: Stage 4: Randomly space vehicles awaiting maintenance

4.6.5: Stage 5: Revet vehicles awaiting maintenance

4.7: Deploy vehicles from truck and carge vard to units

4.7.1: Stage 1: Assemble drivers for vehicles in truck vyard

4.7.2: Stage 2: Move vehicles loaded with munitions to units

4,7.3: Stage I: Move troop carriers to barracks for troop deployment

4.7.4: Stage 4: Assemble trucks to off-load material from rail
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yard

4,8: Deploy 5A-8 Mobilizers and missiles from mobilizer vard to
defense sites

4.8.1: Stage 1: Assemble SAﬂ crews at mobilizer yard

4,.8.2: Stage

P

: Man mobilizers

(2]

4,8.3: Stage 3: Move mobilizers to deployment areas
4.,9: Deploy tanks from tank park to units
4.,9.1: Stage 1: Move tank crews to tank park

4,9.2: Stage

rJ

Man armored vehicles in tank park

4

4,9.3: Stage : Move armored vehicles to units for deployment
4,10: Resupply all units in Bad Langengaliza munitions area

4.10.1: 5Stage

—_
T

Move supply trucks to munitions storage area

4.10.2: Stage

rJ

Load munitions onto the trucks

=

4,10.3: Stage Z: Move munitions to deployed units
4.11: Deploy éth Armored Division along #1373 - initial target Wurzburg

4,11.1: Stage 1: Assign troops to units

]

4.11.2: Stage 2: Assemble troop transports in barracks area

[

4.11.3: Stage Load troops onto transports

4.11.4: 5Stage 4: Deploy troops to units

4.12: Deploy 90th Lt. Inf. along #13 following the 6th - initial target
- Bamberg

4.12.1: Stage 1: Assign troops to units

4.1

P
rJ

: OStage 2: Assemble troop transports in barracks area

4.1

[ ]

ka

Stage 3: Load troops onto transports
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4.12.4: GStage 4: Deploy troops to units

4,1%: Deploy Dresden units along E&2 at Junction 22 - initial target
Schweinfurt

4.13.1: Sfage 1: Assign troops to units

4,13.2: Stage 2: Assemble troop transports in barracks area

4,1%.3: ©Gtage 3: Load troops onto transports

4,13.4: Stage 4: Deploy troops to units

4.14: Deploy Self

4.14.1:

4.14.4:

Stage 1:

rJ

Stage

A

Stage

Stage 4:

~propelled units along 89 - initial target Fulda

Assign troops to units
Assemble troop transports in barracks area
Load troops onto transports

Deploy troops to units

4,.15: Deploy airborne troops to air field for deployment to junction

E70 % AZ
4,15.1: Stage 1:
410,25 Stage 2t
4,15.3: Stage 3:
4,15.4: Stage 4:
4.15.5: Stage o:
4,13.6: Stage &:

4.16: Deploy tanks

4.16.1:

4.16.2:

4.16.3:

Stage 1:

P

Stage

Lo

Stage

Distribute munitions to self-propelled units
Assemble self-propelled units and man vehicles
Move self-propelled units to deployment areas

Assemble troop transports for support personnel

Man troop transports

Deploy support troops

and trucks from (0S20T0002) to units
Man tanks that have been serviced
Deploy operational tanks to units

Randomly distribute tanks still awaiting repair
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4.16.4: GStage 4: Increase stocks of steel in vard
S: Euplore Allied Readiness
S.1: Paradigm 1: Single aircraft - single exploration
>5.1.1: Stage 1.1: M-21 takes off from strip alert at Tchorovice Air
Base
i B Stage 1.2: Climbs to alt 20,000m, heading 270 deg, speed 3500
knots
ek Lals Option 1.2.1: Alt < 30,000m, 130 deg< h <290 deg, speed *
stall
e 0 B Stage 1.3: 20km from border - drop below radar threshold
S.lod: Stage 1.4: 10km from border - above radar threshold heading
0 degrees
= B B Option 1.4.1: Alt » 200m, 10 degs h <170 deq, speed :
stall
Daikin e Stage 1.3: Return to base
P Ll Option 1.5.1: Proceed to alternate Base
T Stage 1.6: Land M-21
Siwd i Stage 1.7: Refuel M-Z21
Sl e Stage 1.8: Redeploy at strip readiness site

Swtagety Option 1.8.1: Redeploy off strip readiness site

S.2: Paradigm Z: Single aircraft - multiple explorations

Ll Stage 2.1: M-21 takes off from strip alert at Tchorovice Air
Base

e B Stage 2.2: Climbs to alt Z0,000m, heading Z70 deg, speed S00
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knots
st I Option 2.2.1: Alt < 30,000m, 130 deg+ h <290 deg, speed =
stall
T Stage 2.Z7: 20km from border - drop below radar threshold

S.2.4: Stage 2.4

10km from border - above radar threshold heading
90 degrees

I P Option 2.4.1: Alt  » 900m, 10 deg< h <170 deg, speed >
stall

Mk Stage 2.9: Turn to heading 180 degrees, alt S000m, speed 600

knots
De2a b2 Stage 2.6: Drop below radar threshold
Se el Stage 2.7: Climb to 1000m, heading 270 degrees, speed 800

knots

258 Stage 2.8 Drop below radar threshold

Dl ey Stage 2.9

Turn to 90 deérees, speed 600 knots, climb to
10, 000m

5.2.10: Stage 2.10: Return to base

Dol 1 Golis Option 2.10.1: Proceed to alternate Base

5.2.11: GStage 2.11: Land M-21

S.2.12: Stage 2.12: Refuel M-Z21

S.2.13: GStage Z.13: Redeploy at strip readiness site

Te2acdSail s Option 2.13.1: Redeploy off strip readiness site

S.3: Paradigm Z: Multiple aircraft - single exploration

IR Stage 3.1: 5 M-21 aircraft taxi from strip alert at
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Tchorovice Air Base

SeZa 1 I Option 3.1.1: 2 < # of aircraft < 10

3.3 28 Stage 3.2: M-21 aircraft take off and assemble at 10,000m

3.2.1: Option 3.2.1: Alt » 10,000m

el

Sa3.32 Stage 3.3: Formation heading 270 degrees, speed 300 knots
S.3.4: Stage 3.4: 30km from border, drop to 3000m, speed 600 knots
S Stage 3.59: 20km from border, drop to 1000m, speed 700 knots
P Stage 3.6: 15km from border, drop below radar threshold
DeromAis Stage 3.7: Turn to heading 100 degrees, climb to 10,000m

. 8: Stage 3.8: Return to Air Base

) SRS Y L Option 3.8.1: PFroceed to alternative Air Rase

The S 2t Stage 3.9: Land in formation

SaiSe Tl Uption 3.2.1: Land sequentially

S.3.10: Stage 3.10: Refuel simultaneously

Te S ltio ] Option Z.10.1: Refuel seguentially

.3.112 Stage Z.11: Redeploy on strip alert

o

s L T Option 3.11.1: Redeploy off strip alert

S.4: Faradigm 4: Multiple aircraft - multiple explorations

ek, ik Stage 4.1: S M-21 aircraft taxi from strip alert at
Tchorovice Air Base

Al o Option 4.1.1: 2 < # of aircraft <« 10

e | Bend Stage 4.2: M-21 aircraft take off and assemble at 10,000m

S.4.2.1: Option 4.2.1: Alt »> 10,000m

Sed. 3z Stage 4.3: Formation heading 270 degrees, speed 500 knots
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S«4.9. 1

S.4.10:

J.84.10.12

S5.4.11:

Sedallals

S.4.12:

S.4.12.1:

6: Attack

Stage 4.4:
Stage 4.5:
Stage 4.6:
Stage 4.7:
Stage 4.8:
Stage 4.9:

Option

Z0km from border, drop to Z000m, speed 600 knots
Disperse lkm apart to the south in parallel

20km from border, drop to 1000m, speed 700 knots
1Skm from border, drop below radar threshold
Turn to heading 100 degrees, climb to 10,000m
Return to Air Base

4.9.1: Proceed to alternative Air Base

Stage 4.10: Land in formation

Option

4.10.1: Land sequentially

Stage 4.11: Refuel simultaneocusly

Option

Stage 4.12

Option

4.11.1: Refuel sequentially
: Redeploy on strip alert

4.12.1: Redeploy off strip alert

6.1: Relocate personnel from training area

o

S I e U

6.1.1.2:

6.1.3.112

bl a2

Stage 1:
Option
Option

Stage Z2:
Option
Option

Stage 3:
Option

Option

fAissign men to operational units
i: Assign men to new units

Z2: Assign men to existing units
Form men into units

1: Simultanecusly

2: By unit

Assemble troop movements

1: To move all trainees

2: To move part of trainees
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Load troops onto transports

1%

=)
i

Transport troops to operational units

1:s

21

b.1.4: Stage 4:
b.1.4.1: Option
b.1.4.2: Option
Gil.5: Stage S:

(- LD Option
GnliG. 2 Option
4.2: PBRegin feint in
L Faradigm 1:
G.2.0.1:

&.2.1.1.1:

Gde2alul. 1.1

TR e G L

Ge2alh balal ol s

6.2l 102

be2elatiut 102, 1

6.2.1.1.1.1.3:

6.2.1.1.1.1.4:

6.2.1.1.1.1.4.1:
b:2.1.001.1.4,2:
b.2.1.1.1.8:

Gl SR

Aircraft leave

By units

Simultaneously

Independently

In convoys

direction of Marianske Lazne

With live fire

various airfields

Faradigm 1:
Ground
Airfield

Option 1:

ordinance

Crews

prepare

Fueled and

Filots briefed on mission

Option 1:

With securi

Coordinated departure

aircraft

Dispatch of Wing in support of strategic preemptive strike

at Tchorovice

loaded with operational

ty

Faradigm Z:

Filots man planes
Aircraft take off
prearranged time

Option 1:

T
an

Option

Ground Crews prepare
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from Tchorovice Airfield at

Independent departure

aircraftt

Aircratt depart independently

Aircraft depart in sgquadrons

at Tchorovice



Sedulel.1e2,1,18

6.2.1.1.1.2.28

6.2.1.1.1,2.2.1:

6.2.1.1.1.2.3:

6.2.1.1.1.2.4:

6.2.1.1.1.2.4.1:

6.2.1.1.1.2.4.2:

Airfield
Option 1: Fueled and loaded with operational
ordinance
Filots briefed on mission
Option 1: With security
Filots man planes
Aircraft take off from Tchorovice Airfield as they
come on line
Option 1: Aircraft depart independently

Option 2: Aircraft depart in sgquadrons

6.2.1.1.2: Aircraft rendezvous at prearranged location

ba2al.1.2010

6.2.1.1.2.1.1:

6.2.1.1.2.1.3:

6.2.,1.1.2.1.4:

6.2.1.1.2.28

6.2.1.1.2.2.1:

G.2.101.2.2.22

b.221.1.2.2.3:

6.2.1.1.2.2.4:

Paradigm 1: Independent flight plans
Aircraft proceed on individual +flight plans to
Flasy
Aircraft hold at Flasy
Squadrons reform at Flasy
Escort aircraft meet with strategic bombers at
Flasy
Faradigm Z: Group flight plans
Squadrons form at 2000m over Tchorovice airfield
Formation twns to 210 degrees
Formation holds at Flasy
Escort aircraft meet with strategic bombers at

Flasy
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Sudalal B0 Aircraft deploy in escort positions

b6.2.1:1.3.1¢

6.2.1.1.3.1.1:

6.2.1.1.%.1.2:

6:2.1.1.3.1.3:

6.2.1.1.3. 28

6.2.1.1.3.2.1:

6.2.1.1.3.2.2:

6.2.1.1.3.2.3:

6. Bacdlic s Aircraft accompany strategic bombers to target

6.2.1.1.4.1:

b.2.1.1.4.1.1:

6.2.1.1.4.1.2:

6.2.1.1.4.1.2.1:

6.2.1.1.4.1.2:.2;

b2 101452

6.2.1.1.4.2.1:

b.201.1.4.2,28

6.2:1.1.4.2.21:

Faradigm 1: Combat aircraft lead preemptive strike

Aircraft turn to 270 degrees for target

Combat aircraft proceed at 1000m in
bombers

Bombers proceed at 2000m to targets

advance of

Faradigm 2: Combat aircraft screen strategic bombers

Bombers turn to 270 degrees to target at Z000m

Combat aircraft deploy by squadrons to flanks of

bombers

Combat aircraft proceed at 3500m

Faradigm 1: Efficient course

Aircraft proceed to target at 270 degrees, I000m,

200 knots

On approach, aircraft drop to Z2000m for bombing

run
Option 1: High altitude mission
Option 2: Low altitude mission
Faradigm 2: Evasive course
Aircraft proceed at 200 degrees, 1000m,
Aircraftt alter course to 7Z40 degrees,
knots

Option 1: One course change
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6.2.1.1.4.2.2.2:

6.2.1.1.4.2.3;

6.2.1,1.5:

6.2.1.1.5.1¢

6.2.1.1.5.1.1:

6.2.1.1:.5.1.1.1¢

G.2.1.1.5.1.1.28

6.2.1.1.5.1.1.3:

6.2,1.1.8.1.1.4:

G201 80101, 5

&, 2101, 8.1.1.5.1¢

L HR R L R e

6.2.1.1.5.1. 1.6

b, 2 beluBal i

6.2.1.1.5.1.28

6.2.1.1.3.1.2. 13

6.2.1.1.3.1.2.2:

g. 2. lalsaela2a2. 0
6.2.1.1.5.1.2.2.2:8
boe2alolaSal. 2. 38

b.2:.1.1.6:

6.2.1.1.6.18

PR  p———

Faradigm 1:

Option Z2: HMultiple course changes

Aircraft adopt final 270 degrees, &600m, S00 knots

Aircraft fly live fire mission

Live fire mission
Option 1: Combat aircraft fly interdiction
On approach, combat aircraft take lead
Combat aircraft engage prearranged targets
Combat aircraft head to Flana holding site
Combat aircraft hold at Plana holding site
Strategic bombers fly bombing run

Option 1.5.1:

High altitude Z000m

Option 1.3.2: Low altitude &600m

Strategic bombers engage targets

Strategic bombers proceed to Flana holding site
Option Z2: Combat aircraft fly support

On approach, combat aircraft screen flanks at

1 000m

Strateqgic
Option
Option

Strategic

Strategic bombers Jjoin with combat aircraft

holding site

bombers fly bombing run
Z2.2.1: High altitude S000m
.21 Low altitude &00m

bambers engage targets

Alrcratt regroup atter bombing run

at Flana



o S 8 A P00 Combat aircraft deploy on screening position

BoRudis 1G5 Formation adopts 90 degrees, S000m, 400 knots to
Flasy

6.2.1,1.7: Aircraft return to initial bases

Gasal sl Le At Plasy site aircraft adopt 70 degrees to Tchorovice
airfield

e bl 20 Aircraft land at Tchorovice airfield
G S lialadie 2ol Option 1: By squadron

P TR Al Option Z: Independently
be2ulu1.7.32 Aircraft serviced

il ios Faradigm 2: Abortive feint

(= R 5 LT Lead elements of 22nd Armored reserve move toward site
Byletuin Lead elements of 4th motorized division move toward site
buBe e Following elements proceed to border

6.7 Troops begin attack from north to south

o PR L FParadigm 1: Lead with air strike

RS B Dispatch of Wing in support of strategic preemptive strike

&.3.1.101 Aircraft leave various airfields

S B b G [ Faradigm 1: Coordinated departure

oSS L AT LB U Ground Crews prepare aircraft at [Airfield]

6.3. 10101110 Option 1: Fueled and loaded with operational
ordinance

G.3.1.1.1.1.2: Filots briefed on mission

G atie TRATELITLER S & Option 1l: With security



6.3.1.1.1.1.3:

6.3.1.1.1.1.4:

b.3.1.1.1.1.4.1¢

6.3.1.1.1.1.4.2:

6.3.1.1.1.2:

6.3.1.1.1.2.1:

6.3.1.1.1.2.1.1:

6.3.1.1.1.2.2:

6.53.1.1.1.2,2. 12

b.3.1.1.1.2.3:

b.3.1.1.1.2.4:

6.3.1.1.1.2.4.1¢

6.3.1.1.1.2.4.2;

6.3.1.1.2:

6.3.1.1.2.1:

<301 1020100

Gede Ll 201,28

6.3.1.1.2.1, 3

603011201 04;

Filots man planes
Aircraft take off from [airfield] at prearranged
time
Option 1: Aircraft depart independently
Option 2: Aircraft depart in squadrons
Faradigm 2Z: Independent departure
Ground Crews prepare aircraftt at [airfield]
Option 1: Fueled and loaded with operational
ordinance
Filots briefed on mission
Option 1: With security
Filots man planes
Aircraft take off from [airfield] as they come on
line
Option 1: Aircraft depart independently

Option 2: Aircraft depart in sguadrons

Aircraft rendezvous at prearranged location

Faradigm 1: Independent flight plans

Aircraft proceed on individual +flight plans to
[rendezvous]
Aircraft hold at [rendezvousl

Squadrons reform at [rendezvousl]

Escort aircraft meet with strategic bombers at

[rendezvous]



bad.1.1.2,2¢8

631,128,201 8

6.3.1.1.3:

6.3.1.1.3.1:

6.3.1.1.3.1.1:

6.3.1.1.3.1.2:

6.3.1.1.3.1,3:

6.3.1.1.3.2:

6.3.1. 105, 2418

b.3.1.1.3.2.2:

e3alala3.

P

6.3.1.1.4:

b.3.1.1.4.1¢

6.3.1.1.4.1.1:

6.301.1.4.1.2:

6.341.1.4.1.2.1:

FParadigm Z: Group flight plans
Squadrons form at [altl over [airfield]l
Formation turns to [headingl
Formation holds at [rendezvous]
Escort aircraft meet with strategic bombers at
[rendezvous]

Aircraft deploy in escort positions

Faradigm 1: Combat aircraft lead preemptive strike
Aircraft turn to [headingl for target
Combat aircraft proceed at [alt]l in advance of
bombers
Bombers proceed at [alt] to targets

Faradigm Z: Combat aircraft screen strategic bombers
Bombers turn to [headingl to target at [altl]
Combat aircraft deploy by squadrons to flanks of
bombers
Combat aircraft proceed at [alt]

Aircraft accompany strategic bombers to target

Faradigm 1: Efficient course
Aircraft proceed to target at C[headingl, [altl,
[speed]
On approach, aircraft drop to [alt] for bombing

mun

Option 1: High altitude mission



b dad vl el 20 2

6.3.1.1.4.2:

6.3.1.1.4.2.1:

b6.3.1.1.4.2.2:

6.3.1.1.4.2.2. 12

6.3.1.1.4.2.2.2:

6'3'1.1.4'2.3:

6.3.1.1.3:

6.3.1.1.3.1:

b.3.1.1.8.1.1:

6.3.1.1.5.1.1.1:

6.3,1.1.5.1.1.2¢

6.3.101.5.1.1.38

6.3.1.1.5.1.1.4:

6.3.1.1.5.1.,1.5:

AR R L s e R B

6e3¢lalaG.l.1.5. 28

6.3.1.1.0. 101,62

Salal.8.101.78

6.3.1.1.9.1.28

6.3.1.1.3.1.2.1:

6.3.1.1.5.1.2.2:

H.Falale5.1.2.2.1

Option Z:

Faradigm 2:

Aircratt proceed at [headingl,

Aircraft alter course to [headingl,

Option 1:

Option 2:

Low altitude mission

Evasive course

One course change

Aircraft adopt final [headingl,

Aircraft engage targets

Faradigm 1:

Option 1:

Live fire mission

[altl,

[altl,

[speed]

Laltl, [speed]

Multiple course changes

[speed]

Combat aircraft fly interdiction
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High altitude [alt]
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[ IoE S A Hg 22nd Armored to Schwabach

o ey 4th Motorized units to Regenburg
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1. INTRODUCTION

This appendix describes a stand-alone coftware system
that was developed, in part, to support the contractual
effort. Althouah no software was specifically reguired as a
deliverable, its development and use was indicated esarly in
the sffort. The syvsetem is entitled "TT: Tabless and Text"
and supports both relations {(tables) and discursive data
(text) in a single, unified environment. As such, it could
properly be considered a hypertext [1]1 svstem or, alternat-
ively, a database system that supports discursive, textual

domains.

2. FUNCTIONAL OVERVIEW

The knowledoe base +for a State of Affairs svstem must svent-
ually be stored and maintained in a form compatible with
existing database svstems {for processing by various infer-—
Bree engilnes. The process of developing this knowledge
base tvpically begins with narrative descriptions of the
scenario: proceeds to more structuwred textual descriptions
== outlines, pseudo—code) 3 and concludes  with  an
admixture of structuwred tables (for use by the infersnce

Bl rEs) and related discursive explications (for  the

{7
ot



convenisence of the user). Such a progression regquires the
support of a word processor, a 2 text editor, and a database
system. And  because the discuwrsive information persists
even in the final knowledge base, all three are reguired
concurrently and continually throughout the effort. While
it may be possible to maintain the knowledge base in three
separate systems with appropriate interfaces, our sxperience
has been that a single system possessing the combined

functionality of all three is clearly called for.

A system which we refer to as & Knowledge Dictionary System
was implemented for the purpose of coreating., updating,
maintaining and searching & State of Aftaire knowledge
base. This system combines, in a single integrated environ—
ment, functions of word processing. text editing, and
database management. The functiomnality of this svstem is as

follows.

S USER INTERFACE ENVIRONMENT

Upon  entering the system the user is presented with the
screen illustrated in Figure 1. The first line is referred
to throughout as either the Status Line or Command Line.

Underneath the Command Line is the Menu Bar, and beneath

173



that is Window 1 which is opened to & file callesd TEMFL.
The Status Line conveys information  abowh  the currently
active window. Im the illustration, this indicates that
Window 1 is opened tc a +Ffile called TEMF1I which is 127
characters wide and containmns only 1 row. Imn Window 1 the
cursor is positioned at the beginning of that row which is
obviously blank. The Menu Bar is an array of headings, =sach
of which correspond to an aobjiect uwupon which the system can
operate. Thess obiscts are Scans, Oueries, JEpaces,
Transactions, Windows, Files, Relatione and Engines. The
functions of which the system is capable can be accessed in
any of three ways.

J.1. Menu Bar. The menu bar represents  the maior
furnctions that can be sxecuted by the user. The menu bar is
activated by F10 and the submenus are selected esither by
positioning with the arrow keys and pressing CR or by tvping
the capitalized letter of the selection. ESC  backs out of
any menu  selection and & second ESC deactivates the menu
bar. For example, typing F12, moving the cursor across the
File heading, pressing CR, moving the cursor down to the
Guit selection and pressing CR again will yield a prompt on
the Command line ""“HX  Exit (Y/MTP" Typing a "v" will exit
the svsetem. The same function can be accessed by tvping

R (for File), B (for guit). Neot all of the available
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functions are accessible from the menu svystem. The sub-
manus are illustrated in Figures 2 through %.

Z.2. Control Ekeys. Every available function of the
system is accessible via special keys = arrow kevs,
tab, =tc.?) and one or two key sequences of control charac-—
ters. In the above example, note that the prompt was
preceded by "OHEX" which is the control key sequence for the
Guit function. Te@., holding down the Ctrl kevy, tyvpe kx and
the same prompt will appesar.

Z.3. Macro Commands. Any  combination of commands and
responses to prompts can  be invoked from the kevbeoard. (&1
Macro Command is an ABCII file of a sequence of kevstrokes
and referred to by the name of the +ile in which the
kevstrokes are stored. A Macro Command is executed by
tyvping F? (which retuwrns the prompt "Exsecute File:'") follow-
ed by the fils name and CR. This will cause the svstem to
respond sequentially to each character in the file as 14+ it

had been typed from the keyboard.

4. i g )

A Ffile is a data stream which can be viewed or modified
through a window. Files are of threse tyvpes: Tables, Teut

(a table with one column?), and Documents (a "table” with no



columns) . To both the system and the user all tvpes ares
pretity much the same esxscept some functions behave different-
ly for each type and not all functions are applicable to all
tvpes. The operations that can be performed with files are
as tollows.

4.1. Open File. A file can be OFENed in a window.
This makes the file wvisible to the user and available for
searching or updating.

4.2. Close File. A Ffile can be CLOSEd, i.e.. made
invisible and unavailable for searching or updating.

4.%. Read File. Internally, files are maintained in a

unigue structure to facilitate the various operations of the

svatem. But if the user has a standard ASBCII File (@.9Q..
produced by another program? it can be read in its entirety
into the svstem and converted.

4.4. Write File. A user can also WRITE an entire file
in standard ASCIT format.

4.5. Top File. This positions the cursor to the first
character of the first row of the file.

4.6. Bottom File. This positions the cursor to the
last character of the last row of the file.

4.7. Synchronize File. Unlike tvpical word processors
or text editors, the system doss not read the entire file

into RaM for processing. {162 instead, employs a caching
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scheme whereby only the data most neseded is resident in
mamory. Unless the uwser takes advantage of Transaction
Management {see below) it is advisable to periodically
SYMNCHronize the fil2:; i1.e., force all changes to be reEcorded
on the disk:; Just as one would periodically save a file when
using a text editor.

4.8. Quit. This 1is a quick shutdown bfunction to
synchronize and close all opened files and exit to the

operating svstem.
D WINDOWS

Windows are viewing areas on the screen consisting of 1 or
more display lines. New or empty  windows are attached to
temporary files called TEMFL, TEMFZ, etc. and will remain so
until the window or +ile is closed (if the user wants to
save & temporary file, the system will prompt him Ffor a
permanant name) . The operations that can be performed with
windows are as follows.

S.1. Select Window. To operate on data in a window it
must be SELECTed, i.e., made the current window. The cwsor

appears in only  the current window and the Status Line

alwavs refters to the current window.

"
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Sedse Open Window. A neEw window can be OFENesd, i.2..
made to appear on the screen. The wuser must alwavs specity
how many rows the window will contain {(its length) and which
existing window it will overlavy. A window can be opened
directly to a file or it can be opened empty in which case
the user must specify how wide (in characters) the window
should be.

S5.3. Close Window. Arn existing window can be CLOSEd
(removed from the screen). I+ the window is opensed to a
user ftile, the file will be closed auvtomatically. I¥ the
window is opened to a non—-empty temporary +ile, the user
will be prompted for a +ile name if he wants that file
saved.

Ged. Clear Window. Clearing a window is identical to
closing it except that the window will remain on the screen
attached to an empty temporary file.

S.3.  Link Window. A window can be linked to the same
file to which an existing window is already opened for the
purpose of having two or more areas of the file visible at
the same time. Changes made to the file {from any of the
windows will appear in all of the other windows (immediat-—

2lyv, if the viewing area overlaps).

b TRANSACTIONS



Changes to the data may, at the users option, be governed by
a transaction management protocol. A transaction is a
sequence of changes that are: atomicy i.2., either they all
occur or none of them do and durable; i.e., once made, théy
can only be changed by ancother transaction.

b.1. Begin Transaction. EBEGIN starts a transaction.
It has the effect of establishing an opening paranthesss in
an eguation in that evervthing within the parentheses will
be treated as an atomic wunit. When a transaction is
DeEgun, the status line will be auwgmented to indicats the
number of rows that have been changed since  the transachion
began (Log? and the remaining capsacity of the log, in rows,
to absorb further changes (once a row has  been changed,
further changes to it do not reguire additional log capac-
Ty

6.2. Commit Transaction. COMMIT ends a transaction
favorakhlys ey it has the effect of establishing the
closing parenthesses and then performing all the changes that
ococwred within  the parentheses by applyving the changes to
the disk.

6.3. Abort Transaction. ABORT  ends a transaction
unftavorabl v Wb . it has the effect of establishing the

closing parentheses and then undeoing all  the changes that
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ococurred within the parentheses by restoring the disk to
the way it was before the transaction began.

b.4. Enter Transaction. I+ a transaction has begun in
one window, the user may desire to have changes in another
window be a part of that transaction {(i.e., they will have
the same destiny as that transaction when it ends). This
is accomplished by entering the ftransaction.

6.3. Leave Transaction. Once a transaction has besen
aentered, the user may desire that the fate of the changes in
a window not be the same as that of the transaction. This
is accomplished by leaving the transaction.

b.6. Share Transaction. I two or nore windows are
open to the same file (or in a multi-user environment, two
o more  users have a window open to the same file) the user
who begins the transaction can designate that the transac-—
tion be shared. T.e.. the file will appear in all windows
as if the transaction were going to be committed.

6.7. Exclusive Transaction. By contrast to a shared
transaction, this option provides that other windows open Lo
the file will see it as it was before the transaction bagan
no rows in the +file that have already been accessed by the
transaction can be changed until the transaction snds.

6.8. Scan Transaction. This function allows the

creation of a sSCan (mee bael ow) af all rows that have bhoen
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changed since the transaction began. (I+ & row has been
deeleted, it will not be included in the scan even though it

will be un—deleted if the transaction is aborted.)

7. RELATIONS

Relations (tables) are the common format in which all +files
are viewed. A relation consistsv of zero or more columns,
2ach having a unigue name within the file (Documents, 1.8..
tables with =zero coluwns, do not have colunn names and
cannot be the obliect of Ffunctions that reguire column
names) .

7.1. Create Relation. New relations can be CREATEd.
To do so, the user responds to the prompt "Headsr:s!" by
tvping dashes {(-) followed by the column name followsd by
more dashes and a vertical bar (1) as the column separator.

The dashes are optional as in the following example:

e\ QYR e | e e e i Addresg——m——————— VARES I -ZIFR—1

7.2. Align Columni{s). The data in the columns can be
re-ALIGNed - either left, right or centered.
7.%. Sort by Column(s). The rows. can be S0RTed

according to the value of one or more columns.

181



7.4. Add Column(s). A new column can be ADDed TOD a
relation. The svstem will prompt for the name of the column
atter which the new column(s) is to be added and then prompt
for the header which is 5peti¥ied' in the same way as +or
creating a relation.

7.3. Drop Column(s). An existing column can be DROFped
FROM a relation.

7.6. Change Column. A Histing column can b

i

CHANGEC . The system will prompt +Ffor a new header as in
adding a colunn. The new header may be smaller or larger in
width than the old one.

7.7. Bwitch Columns. Two existing columns may be
positionally interchanged.

7.8. Unigque. This command removes adiacent rows from a
relation that have identical values Ffor the specified
columns. In response to the "Unigus:" prompt the user tvpes
columnl, column,...columnM. Specifying "s" in responsse to
the "Options:" prompt will cause the table to be sorted on

those columns before the command is exescubed.

8. GUERIES

Oueries (searches) may be vecuted by & wser upon a file.

The results of a guery may be repressnted by positioning



the tables in the windows (the defaultl:; creating a scan; or
writing to another window. All guery tyvpes involve matching
af expressions  to values and the following wild—card syntasx
is supported: UL matches anyA single. character: MR
matches any single digit: "NEk" matches any string of
characters; "\4$" matches any string of digits; and "ANAT
matches "\". Furthermore, all qgusry types support the

following "Options: "

"a = locate all occurrences (the default is
to locate Just the first or next

CCCuUrrence)

e cutput  the results (the svstem will

prompt for the window number)
R include the results in a scan

S execute the search immediately (e
default is  to walt Ffor  oan explicit

command to begind

Lo G 2 ignore Case {the default is case

zensltlve)
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Hital M gees whole word matches only, 1ai@a, the
matching value must be delimited at both
ands '(E.g., by space, comma, period,

eto. ).

Dneoe a guery has  been defined 1t may be re-—-sxecuted wusing
aither the MEXT entry on the menu or the Cterl-L key [21.
8.1. Find. FIND locates occurrences of a specified

value anvwhere in a +ile. In resp

ja]

nse to the prompt

"Find:" the user types the pattern followsd by CR.

8.2. Replace. REFLACE locates gocurrences of

P

apaecified value anyvwherse in a file and replacss 1t with a
specified valus. In responsse to the prompt "Find: " the
user types the pattern followsd by CR. Then, in response to
the prompt "Replacse with:" the user tvpes the value to be
substituted and CR. There is an additional option wunigus to
the Replace command. The option "n" indicates to perform
the replacement without confirmation by the user. The
defanlt is to ask the user Ffor sach occurrences whether to
perform the replacement or not.

8.2. keyword. FEYWORD locates the condunction of

speciftied values in the same row anvwhere in  the file. Im
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response to  the prompt "Fevword: " the user types valuel &

valueZ %...% valusi.

8.4. Select. SELECT locates rows whose column values
matech' - a speci?ied va}ue; In response to the prompt
"Select:" the user tvpes columnl = valuel % column2 = valuesl
“ewad columniN = valueN.

8.5. Froject. FROJECT takes all the rows from a table
but only the specified columns and writes them to ancother
window. The "a" and "o" options are both default and
mandatory. In response to the prompt "Froject:" the user
tvpes columnl, columndE, ....columniN.

8.46. Join. JOIN  concatenates two tables based on
matching wvalues in  the specified columns of each. In
responss to  the "Join:" prompt  the user tvypes A.columnl =
B.columnl % A.columni = B.column2 & ... where A& denotes the
number of the window to be bdoined to B which is the current
window.

8.7. Union. UNION combines two tables of the identical
format inta® a simngle’ table./ The . "&* amd “o" options are
default and cannot be overridden. In response to the prompt
"Union: " the user types the window number containing the
tables to be uniconized with the table in the current window
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8.8. Difference. DIFFEREMNCE searches two tables of
identical format for rows that are based on not matching
values in the 5peci¥;ed columns of each {(i.e., & row in
" either table qualifies if there is no row in the other table
that has egual wvaluss in the specified columns). In
response  to the "Difference:" prompt  the uzer tvypes
A.colunmnl # Bicolumnl % A.column2 # B.columnZ % ... where A
dencotes the number of the window to be compared to B which

is the current window [47.

8.9. Next. NEXT re—-executes the cwrently defined
query.
8.10. Clear. CLEAR clears the definition of the

currently defined guery.

9. SCAN

A scan  is a subset of a table. It can be produced by a
query, an ngine, oF the ussr. A scan 1s  also persistent;
ive., the 'scan is hot lost when a file is closed. Only one
scan per table is presently supported. When 8 scan exists,
those rows that are included in  the scan are displaved in
highlighted text on the screen. Scans can be created in anvy
type of File including Documents. In this capacity, it

gimilar to the "block" commands found in word processors but
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is slightly more flexible in that while a "block" must be
contigueous, & scan can include any  lines scattered through-
out the +tile.

971. Include. A user can manually INCLUDE the current
row (the row the cursor is ond in a scan.

9.2. Exclude. A user can manually EXCLUDE the current
row from a scan.

?.3%. Begin/End. A user can manually include & contig-
uous set of rows in & scan by Beginning a scan  at the
current row, moving the cursor to some subsequent row, and
ENDing the scan. This will include all the rows, inclusive-
ly, betwesn the begin and end commands in the scan. Once a
BEGIN command is 1ssued, arm "SY will appear on the Status
Line until the END command is issued.

9.4. Clear. A user can CLEAR a scani i.e., excluds all
the rows from the scan.

?.9. Read. A user can READ a scan from another window
into the current window. I+ the scan to be read is from a
table, the current window must either be a table of identic-—
al format or emphby.

P.b6. Write. A user can WRITE & scan in the current
window to another window. I+ the current window is a table,
the destination window must be a table of identical format

or empty.



?.7. Next/Frior. A user can position the cursor at the
MEXT or FRIOR row of a scan.

?.8. Delete. A user can DELETE a scan in its entirety
fraom the table in the current window.

?.9. Move. A ussr can MOVE a scan in  the current
window to another place in the +ile. All the rows in the
scan, whether contiguous or not, will be delested from their
present  position and inserted contiguously at  the new
position somewhere else in the table.

D10, Copy. A user can COFY a scan in  the current
window to ancother place in the file. All the rows in the
sCan, whether contiguous or not, will  be inserted contig-

wously at the specified position in the file.

10. JSFACE

Judgement Spaces are Vinterential domains" through which
queries may, at the user's option, be resolved: ie.8., the
“mafching" of esxpressions is not done by lexical analvyvsis,
but by locating values that are close together in & mualti-
~dimensional factor space based on user Jjudgments. /A JEpace
can be CREATED from a table whose columns represent a set of
user-selected variables and whose rows correspond to the

rating of rows (or a sample of rows) from an  existing table
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against sach variable. It can also be REMOVEdD (destroyved).

I+ a user OFEMs an JSpace, subsequent gueries will use that
JEpace until it's CLOSBEd. Changes to data in the tables are
not reflected in the indexes until they are synchronized.
The currently open index can be SYNMCHronized or the user can
SYNCHronize ALL the indexes that pertain to the data.

whether opened or not (51,

11. ENGINES

Inference esngines are, in effect, very compled querissg
camplex principally in the fact that they cannot be gquanti-
fied. Laein, unlike relational gueries +or which the
criteria can be specified in advance, the ocriterion is
dynamic and s=lf-modifying as the gquery proceeds [&]. The
syvstem has only one such engine presently implemented, the
CLOSURE engine, but several more are anticipated as a result
of the Fhase [ investigation and will bhe briefly described
as i+ they existed [71.

i1, Closure. The Closure engine takes one row of
single table and produces the closws [B1 of that table
based upon two or more columns and constant values. While
Closure will accept any table as input, it is only sensible

when the table denotes & part-whole relationship such as a
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worlk breakdown in which one column represents the Task Name
and the obther represents the Subtask  Name and the Bubtask
also appears somewhere else in  the table as another Task
with its own Subtasks, ad infinitum. In this case, Closure
can either list all of the Subtasks (and their Subtasks,
atc.) required for a Task, or for a given Subtask, list all
the Tasks (and Tasks of which those are Subtasks, stc.) of
which it could be a Subtask. In response to the prompt
"Closw e:" the user types A.columnl = A.column2 % A.columnd
= fA.columnd & ... B A.columni = A.columnd where & denotes
zither the numnber of the current window or. optionally on

the right side of the equal sign, a backslash "\N". The

option "o" is default and cannot be overridden. The result
is obtained by writing the current row to the destination
window and then, iteratively: (&) doining the current row of
the destination window with the cuwrrent window based
on the column matchesy (b)) appending the rows in the current
window that qualify to the table in the destination windowsg
and () Jdoining the next row in the destination window as in
(al). This process continues wuntil thers is no next row in
the destination window. Expressions of the types A.columnk =
Naeowval uek are interpreted to mean that, in addition to the

column matches specified, column E must have value E. The

table in  the destination window is appended with & column
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with the header of ——"——] which indicates the level in
the part-whole hisrarchy at which result occurs.

11.2. Match. The Match engine produces a Join
between a specified table and the lowest (or highest) level
subset of a Closuwre for which the doin is non—empty. Lising
the Task/SBubtask relation and a table that relates Tasks and
Task Managers, Matoch produces a table of all the lowesst (or
nighest) level Managers that must approve a ohange to a
gspecitic Subtask.

Il & Fart-Whole. The Fart-Whole esngine performs a
Closwre and Match for every entry in a part-whole relation
at a specified level (or set of levels or all levels).
Givern the Task/Subtask relation and a table relating some
subset of the Tasks and their Status (2.g.. completed,
in—work, etc.) the Part-Whole engine produces a table of
every Task in the projiect and its status (the status of soms
Tasks may not be interable based on limited intormation).

11.4. Deviance. The Deviance sngine pertforms a
difference between a specified table and either a Match ar a
Fart—Whols. Biven the Task/Subtask relation and the Status
table above and a table relating sach Task with its schedul-
ed Status, the Deviance engine produces the list of Tasks

that are at variance with the schedule.
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1l as. Temporal. The Temporal esngine takes  a
apecified table (or subset of it) and produces & table that
represents a "wait-—for" graph. While it can be applied to
any table, it 1s only sensible i1if the +table dencotes a
precedence relationship such as a table relating a Task and
its Status to another Task and its Btatus in which the first
LTask. Statusl is only possible when the sscond [Task,
Statusl) is true (Btatus can be any combination of columns
including numerical data). Given such a table, the Temporal
engine will produce a table listing each Task, the Tasks it
ig waiting for, the Tasks those are waiting for, =tc.

11.64 Resource. The Resowce sngine takess  a
specified table (or subset of it) and produces & tables that
reprassnts a  gueus. While it camn be applied to any table,
it is only sensible if the table denotes & consumption
relationship such as a table relating a Task and its Status
to a guantity of a resouwrce in which the [Task, Statusl is
only possible when the guantity of the resowrce is available
(Status can be any combination of columns including nuwmsrioc-
al  data)d. Givgn such a table, the Resouwrce enginse will
produce a table listing each Resowrce, the Tasks waiting
for that resource, the Tasks waiting for those Tasks because

they need that resouwrce too, stc.
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1147« Begin. Eegin prompts the user to select an
engine, specify the parameters for that engine, and starts

the sngine processing.

1 e End. End stops an engine and clears its
parameters.
1B E i Checkpoint. Checkpoints suspends an engine

and causes 1t to write a record of &ll parameters it
requires to resume processing from where it left off.

11.10, Restart. Restart prompts the user to select
an engine which was checkpointed, and causes the engine to

read its restart record and resume processing.
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FIGURE 7 = FILE RENU
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FIGURE 9 — ENGINE MENU
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12. MISCELLANEOUS COMMANDS

ALl of the commands that can be executed via the pulldown

menus may also be executed by a one or two key control

sequence. There are many additional commands that canm only be
executsd by a control key sequence. The following is the
complete command set currently implemented.

12a One kKey Commands. These are the commands acocessed
by holding the CTRL key down while typing a single character
or pressing one of the specially designated kevs (e.g.. TAR)
an the kevboard.

“B or Shift-Tab: Tab to the previous column of a table or a
previous position in a document. I+ the
system is in Auto-Tabh mode {(an "A" appears on
the Status Line), the cuwrsor will position
under the first non-blank character in the
Previous row.

~C or Pgbn: Fage Downgj ie8.y, move down the Ffile one
window length.

"D or Rt Arrow: Cursor Righti i.8.. move the cursor right one
character.

“E or Up Arrow: Cursor Ups i.2., move the cursor up the file

Qe mow,.



or Del:

“H or BS:

=1 ar Tabs

“J or Home/End:

~K

Delete Riaght Characterg IS delete the
character under the cursor and shift all the
remaining characters after the cuwrsor left
one position.

Delete Left Character: 1aBay delete the
character to the left of the cursor and shift
all the remaining chearacters after the cursor
left one position.

Tab to the next column of a table or the next
position in & document. I+ the system is in
Aunto-Tab mode (an "A"  appears on the Status
lime) ., the CUF sE0r will position under
the tirst non-blank character in the previous
w7

Beginning/End of Row.

Frefix to the set of two key commands that
begin with "k, It i=s not necessary to hold
the CTRL key down for the second charac-—
ter.

Repeat Last Ouery: i.8., execute the current-
ly  defined query in  the current window
again. See  the endnote on query processing
for a more complete description of how the “L

command opsrates,
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M or CR:2

Sl

Qs

New Row: l.=2., insert a new blank row betwesn
the row the cursor is on and the +following
oW Characters to the right of the cursor,
if any, will be deleted from the current row
and moved to the new row automaticallvy.
Insert Rowy i.e., similar to CR except that
no  characters will be deleted From the
current row and the new row will be smplty.
Fretidx to the set of two key commands that
begin with 0. It is not necessary to hold
the CTRL key down Ffor the second charac-—
ter.

Insert Control Characters:; i.2.., in order to
place a control character in the data (€.Q..
a printer command), type Ctrl-F and the next
character will be interpreted as & control
character. This is not necessary for
macros. The macro command processor inter-
prets  any upper cass  letter as a control
character and anything else as itself.

Frefix to the set of two kev commands that
begin with (. It is not necsssary to haold
the CTRL key down Ffor the second characht-

17 «
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e OF

s

=N o

“Ws

FgUps

Lft Arrow:

Ins:

Dn Arrow:

Window Ups 1aiay move backward in the file
aone window lerngth.

Cursor Lefts i.28., move the cursor to
the left one character position.

Abort Any Command in Frogress. While typing
on the Command Line, the system will act as
if the command had never been started. If
the command (2.0.. & search) is already in
progress, the system will stop processing at
the first occasion in which evervthing is
properly synchronized.

Toggle Inset/Tvpeover Mode; i.2., in Tvpeover
Made the character tyvped will replace the
character under the cursor; in Insert mode
(an "I" appears on  the Status Line) the
character typed will be inserted under the
cursar and all characters to the right of the
cursor will be shifted right one character
position.

Scroll Window Ups 1 Ll move the  window
backward one row in the file.

Cursor Downg 1a@ay move the cursor to

the nest row in the file.
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12.2. 4

accessed aftter

Delete Rows; i.2., renove Lthe row  the cursor
ie on from the file.
Scroll Window Downg .20, move the window

forward one row in the file.

Frefix Commands. These are the commands

typing il —k. It is not necessary to hold the

CTRL key down when typing the second letter of the command.

It will always be interpreted as a control character.

“kE:

“kCs

“REs:

“KGs

kM

T s

Kk

i Bl

“KN3

KOs

“KP3

“ER

“KTs

kU

Begin Scan (previously described).

Copy Scan (previously described).

Exclude Row from Scan (previously described).
FRead Scan (previously described).

Clear Scan (previously described).

Include Row in Scan (previously described).
End Scan (previously described).

Frior Row in Scan (previously described).
Next Fow in Scan (previously described).

Open Fils in Window (previously describsd).
Write Scan to Window (previously described).
Fead ASBCII Text File (previously described).
Define Tab Widths: i.2., set thse number of
character positions to tab in  a document
whearn not in Auto-Tab mode.

Abhort Command (same as “U).
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RV
“RW
X
~KYs
“~KZs
12,35« )
accessed atter
CTRL. key down
It will always
~0A:
~OH:
a0
~0Ds
ey
~06:
SERle
“0Jds

~0k 2

~0OL s

Frefix
Eypang . Ctrl 0.

when

Move Socan (previously described).

Wrrite ASCII Text File (previously describsd).
fuit and Exit System (previously described).
Delete Scan (previously described).

Close File (previously described).

Commands. These are the commands

It is not necessary to hold the

typing the second letter of the command.

be interpreted as a control character.

Abort Transaction (previously described).

Begin Transaction (previously described).

Commit Transaction (previously described).

leave Transaction (previously described).

Enter Transaction (previously described).

Select Window (previously described).

Tab to Next Column ipreviously described).

Link Window (previously describesd).

Change Case; i.8., 1f the character under the

cursor is  lower case 1t will  be changed to

upper case and converssly.
center the text under the

Center Text: i.8..

cursor in the coluwmn.
Transaction in Scan

Include (previously

described) .
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“~QSs
“~0QUs

~OWs

«~OX:
“0Y:

~0Z:

e TR S
12. 4. ~

accessed after

Open Window (previously described).

Share Transaction (previously described).
Abort Command (same as "W).

Select Window Upji i.e2., make the window above
the current window the new current window.
Exclusive Transaction (previously described).
Close Window (previously described).

Belect Window Downg i Biay make the window
below the current window the new current
window.

Select Window 1...9% (previously described).

Frefix Commands. These are the commands

typing Ctrl-0. It is not necessary to hold the

CTRL. key down when typing the second letter of the command.

It will always be interpreted as a control character.

~@Az

~@C:

“@D or End:

“CF s

~QG:

i H

Find and Replace (previously described).
Fosition at Bottom of File i{(previously
described).

Fosition at End of Row ipreviously
described).

Clear Window {(previously described).

Find String (previously described).

Add Column (previously described).

Change Column i(previously described).
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~@J:

Gk 2

“@Nz
“G0:
P
“Q6 s

~BR:

~@T s

@l

“GAWs

“~EYs

~@Z3

1-"l

Toggle Auto-Tab Mode: 1.2., if Auto-Tab Mode
is  on tan "A" dis on the Status Line) then
burn it ‘adt. 1f it e off, Then turn it on.
Align Column (previously described?.

Dirop Column {(previously described).

Feyword Ssarch (previously described).

Select (previously described).

Join ipreviously described).

Froiect (previously described).

Clear Guery (previously described).

Fosition at Top of File (previously de-
scribed).

Fosition at EBeginning of FRow {previously
described).

Switch Columns (previously described).

Abort Command (same as “UW.

Sort Relation (previously described).

Unigue (previously described).

Delete to End of Fows i.8., delete all data
to the right of the cursor.

Closure (previously described).

MACRO COMMANDS
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There is & very primitive macro processor which is activated
T It does not allow any parameter substitution but
metaly “processes  the contents  of  the file as<a seriss of
Eeystrokés. To ;reate & MAaCKrO., simply type the sequence of
keystrokes as an ABCII  text File using capital letters to
represent control characters. This can be done +rom within

the system by using the Write File command to create an ABCII

file.
14, INSTALLATION
14.1. The system requires a FPC or 1004 compatible with

MEDOS Z2.x or higher. Most of the popular video boards (Mono,
CEA, Hercules, Faradise, EGA) are supported but the system
doss direct video output so it expects screen memory to b at
FEEOO for color or $RO0O for monochrome.

Al g The system will operate with as little as 128K but
some functions will fail due to a lack of dynamic memory. 1575 4
is fully functional at  PE6E but will make use all available
memory up to &40K for buffer caching.

4.5, The system doesn®t care much abouwt directory
structuwr e and it supports path names including ..\ notation.
However, the files TT.0C20M, TT.OQO and TT.001 must be in the

same directory and that directory is the default directory for
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all files uwunless a path name 1s specifisd. Llesr file names
may not have extensions as the sysbtem assigns  its own extsn-—
sions (.DERF, .DES, TXT ., and o XHHD .

14.4._ It is possible to operate from Floppies but the
system makss very heavy use of overlavs so vecution is

extremely slow.
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R GQueries execute off a stack which is particularly
important to know when executing Joins. A Join is specified
by an edpression such as 1.TABE = 2.TALE. This defines a
Join on window #2Z such that the top row in window #2
will have its TASE equal to whatever the TABKE is on the
current  row (the row the cursor is  on) in Window #1.
However . the synchronization is not continual but only
ococurs when a "L is esxecuted in Window #1. For example, if a
Select is defined in Window #1, then each time a L is
executed, the next row gualified by the Select Expression is
found, and the Join from Window #2 tao Window #1  is re-sue-
cuted. But it is not necessary that any guery be defined in

Window #1. A e o will always cause the stack to execute.
I as  long as  the doin is  defined, vyou can simply
position the cursor in Window #1 and  issue a "L command
arnd Window  #2 will be repositioned. Furthermore, the stack
can be of any practical depth such as Jdoining #2  to #1, #3
to #2 and #4  to #3F and #E5  to #3.  This creates a trese of
Jains with #1 as the root. Henceforth, any— time a "L is

isaued in Window #1, #2 will be repositioned. Then, bacause
HE is doined to #2Z, it will be repositioned, etc., until all
the doins in the stack have been executed (except circular
Joins, which will only execute oncel.

hes MAs of this writing, the UNION command does not work
properly and is still undergoing tests. However, a UWUnion
can be accomplished by creating a Scan of all the rows in
one table and then reading that scan into the other table.
Ses the paragraph on Scans below.

£41. As of this writing the Difference command is not
worlking proper-ly and is still undergoing tests. Howewver, it
can be accomplished by performing a Join using the "s"
(scan) option, and then deleting the scan and writing what
is left to another window. l.2., only the rows that did not
Join will  remain which is the desired result {(this must be
done under transaction management or the original table will
be corrupted.)
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i saiine As of this weiting, JSpaces have not been installed in
the system. The programs to support JSpaces have been
written and tested and are ready for installation, however
the Fhase I investigation has not vyet produced enough
data from which to create a JSpace, nor has it revealed a
need for JSpaces in the scheduling problem. This may be due
to the f+act that the terminoclogy of scheduling is fairly
compact and standardized. I+ that remains the case, the
syetem’s existing support for synonyms will probably suffice
tor the Fhase I1 effort. A brief discussion of JSpaces is
provided in the section entitled "Related Work."

il Formally such M"gueries" are considered to be beyvond
the power of first-order leogic in that the quantification of
the result after i iterations is dependent on the result of
it ebatann i e iidi g Im this sense, they are motivated
(tfusled) by the results produced along the way (and,
perhaps, this is one dustification for referring to tham as
"ergines"). ;

(73 The technical requirements of these are described in
the UObjectives and Statement of Work sections of this
proposal. They are redescribed here from a user’s perspect-
iveE. In the techrnical discussions, howsver, ©they are
reterred to as vtensions to a single inference engine.
Experience with the Fhase 1 prototype. however, suggests
that from a user's standpoeoint, a modular implementation of
several engines is advantageous in two regards: e Tk
retains  the closed nature of the svstem in that every
operation produces an obldiect (table, scan, 2tc.?) that can be
manipulated by all the other Ffunctions of the svstem;
and (b) a user has the flexibility to combine the engines in
a number of ways, some of which may not be obvious sven to
the systen designers.

&t

g1, Givern a relation Ri...oafseeByeaa? bhaving two
attributes over a common domain, it is then possible to have
Joins of indefinite lengths R CA=BI R [A=E] R [A=Bl... and
in  the ageneral case the topeological structuwre defined on
the tubles of R is a digraph. Wee can invent a notation
within relational algebra such that RP[A=R] means R [A=R] R
eew LA=R]1 R where R ococurs n times. But there is no way to
allow this to occuwr an indefinite number of times within
relational algebra. ke detines the Closure operator
R*LE,A. B as follows where K is a key of K, and & and B are
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attributes or lists of attributes having the same domain:

R*[E,AB] is the set of all tuples <k,,k=.n> where
there is a Join sequence on A=k of length exactly
n's

The Closure operator combines with other operators of
relational algebra in such a way that it may occur on any
semantic loop definable within the schema (2.Q.. Lpon a
projection of a compound expression formed of Joins). It
has great import for part-whole relations such as determin-—
ing the lowest common superior of @ a set of elements of a
hierarchy, or the highest discriminants. For example, in
the tollowing hierarchy, the commonality between Algeria and
Uganda is Atrica, and the highest discriminants are (North
Atrica. East Africa)d.

1% Atrica
LR North Africa

e T Mediterransan
O e i Algeria
el 158 P Libva

Ll Atlantic

G LRES L Interior

West Africa

South Africa

East Africa

e SR Eenya

1.4.2. Uganda

1 Tanzania

B R

et et et
=

Where the structure is a lattice rather than Jjust a hier-
archy, closure can determine the common inferior and its
discriminants.



