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Objectives

Our work aims to produce a capability to develop and validate models of organizational
dynamics, or more broadly, of psycho-social systems. This modeling and analysis activity is in
service to planning, decision-making, design, intervention, or other actions that may be taken
with respect to managing and improving the psycho-social system in the light of the model.

Four objectives derive from this aim. First, we need to develop principled methods to gather the
data, develop models based on the data, validate the models, project implications of the models
under varying conditions, and maintain the support for models and conclusions. Second, owing
to the complexity of the phenomena and the potentially vast array of conditions that may be of
interest, we need to develop computational tools to support data capture, modeling, model
validation, and analysis/visualization of model implications. Third, we need to demonstrate how
this capability would productively support individuals, groups, and organizations in their work.
Fourth, these methodology and technology-development activities should be used to test and
improve our theory of social/organizational dynamics, which forms the foundation for our work.

Technical Probléms

The technical problems that derive from our objectives apply mainly to the technologies we seek
to develop. During the course of this first contract year, we have focused our attention on the
creation of an initial set of tools for modeling and model validation. This has lead us to focus on
technical problems such as the representational adequacy of the tools we have developed to
specify the data, agent practices, agent architectures, social relations, and the interdependence of
these. The material in the remaining sections of this report describes our responses to the
technical and methodological issues. In the remainder of this section, we present a few of the
longer-term technical challenges.

As we proceed computability/tractability problems will need to be formally addressed. Here, we
mean both the practical computational requirements for simulations of the kind we envision, as
well as the fundamental limits of computation. In the case of the former, we must face
processing limitations in the expression of simulation experiments. In the case of the latter,
issues such as the computational complexity (e.g., an experiment we might wish to run may
contain NP-hard tasks), or nonlinearity in the dynamics, may have critical consequences for what
we can or cannot in principle accomplish.

We are particularly concerned that the tools support validation of models. Among other reasons,
the complexity of the models can be sufficiently high that they could potentially be tuned to
generate almost any reasonable (real-world) data. This issue has theoretical, methodological,
and technical features. For the near term, we are placing a primary emphasis on maintaining
rationales (evidence and assumption) for data and modeled structures. For the intermediate term,
tools that perform sensitivity analysis, and simple tools that verify that at least some of the
variables in an experiment are not mentioned already in the data, would provide a significant
service. Over the long term, simulation studies should be embedded in rigorous experimental
frameworks suitable for intervention-oriented action research.




There are many important human-computer technical problems. There are presentation and
complexity-management concerns, driven by the need to make the tools intuitive, robust, and
usable by a wide variety of users in various (often difficult) problem-solving situations. And,
there are deeper issues having to do with the degree to which the interface both supports users
and guides/disciplines them to enter data and build structures and studies that are consistent with
the theoretical and methodological assumptions that ground the environment. For example, how
might we depict the degree and nature of validity conditions met by different elements of a
model?

Research and Development Methodology

In a nutshell, the method of this project has been to articulate/design, construct, seriously
critique, and revise a collection of prototype tools aimed at supporting computational modeling
and analysis of organizational dynamics. We have worked hard to develop critiques from the
point of view of theory and method, as well as relative to various demanding domains, such as
are faced by crisis response organizations. We have not simply built some tools and tested them
on a toy example.

In more detail, our research and development methodology for this technology derives from our
theoretical and methodological commitments, and most importantly, from our concern for
validation. We have developed .a theory of psycho-social dynamics — Generative Practice
Theory, or GPT. Its distinctions define the items that must appear in our technologies (i.e.,
social structure across agents, agent architecture, practices). Hence part of our R&D method is
to implement tools for users that permit entry of data and construction of models along these
lines. Validation here consists of assessment of whether the tools are adequate for the sorts of
organizations, agents, and practices that appear in the crisis domains of which we are familiar.

Similarly, we have an overall concept of operations that asks users to critique models and
evaluate their quality relative to events in the world. This concept of operations, called critical
reflection (or, in group interaction, critical dialogue), is based on treating data and models and
simulation results as hypotheses that ground in empirical data (observations or testimony), in
models, in assumptions, and/or in scenario specifications. R&D method follows directly, in that
we maintain rationales for all data and structures, and we propose that users interact by
articulating, critiquing, and revising hypotheses. We say “propose that users” since we have not
built technology to support model-sharing and critique — though we do have tools to carefully
maintain the source for each structure.

Beyond this, we have during the course of this project tested our theory and methods in the light
of data from a variety of domains, including: non-combatant evacuation operations, health-care
delivery (clinic design, critical and intensive care units), business decision making (critical
events, supply chain design), response to hazardous materials spills, and municipal planning
(crisis response, general long-term planning). We consider it essential to undertake these tests,
owing to the dependence of our technology on our concepts of organization and agency and on
our methods of investigating these — the various domains present challenges from ‘outside of’
our theoretical and methodological work.




Technical Results

We present our technical results for this contract in this section. We begin with a summary of
our results relative to the project objectives. Then we describe the theoretic framework, practice
mapping methodology, and the technology we have developed based on the theory and methods.

Appendix A at the end of this document presents additional detail on our concepts and project
results, and includes an algebraic formulation of the underlying theory that guides this work.

Executive Summary of Results

We have met each of the project objectives described in the first section.

We have significantly refined our methodology, called Practice Mapping, for gathering data,
modeling, and validating models of the inter-dependent practices of agents in psycho-social
systems.

We have developed a collection of tool suites, in the form of prototype user interfaces that
support the activities of psycho-social modeling and analysis. Specifically, we have developed
prototypes for: data capture, formalization of data as practices, computational reification of
practice descriptions in a form suitable for monte-carlo simulation, design of experiments to
validate models and/or project its implications, analysis/visualization of results, and maintenance
of rationales (evidence and assumptions) for each item in the system (data, model fragment,
result). Our goal, given project resources, was simply to develop look-and-feel interfaces for
these user activities. However, we found we were in many cases able to develop real, usable
tools.

We have developed an overall concept of operations for the use of these tools. It is a form of
structured dialogue among concurrent users, based on articulating and critiquing requirements
and models, then selecting and undertaking realignment steps based on the resultant critiques.
This is a type of critical method. The following activities occur: users develop models and cast
them as hypotheses with attached rationales (supporting data, assumptions); users share these
structures; users critique the models and/or justifications of others; users design and run
simulation experiments, to validate models, to explore anomalies (i.e., trusted data from the
world is inconsistent with conclusions of trusted models), and to develop model implications
(e.g., to support planning); and users gather data, revise requirements, and update models
accordingly.

As a mechanism to test our overall progress on methods and tools, and as a way to demonstrate
how they would be used to support important actions, we invented and implemented in the tools
a detailed non-combatant evacuation operation scenario. We demonstrated the way the tools are
intended to be used, in a formal project review at our offices, on 12/1/97.




Finally, we have made progress on our theory and methodology, based on the development of
tools and the challenges offered by the various domains we have investigated. For example, we
have been able to refine our concept of the communication-based inter-dependence of multi-
agent practices, based on work we did to elicit information flows and interpretive relations in a
local municipality. We learned it is quite productive to elicit problems and opportunities
informants see with respect to joint actions, then ask who should be communicating and about
what topics as well as whether the specified conversations are occurring. This sharpened our
theoretic understanding of the communications infrastructure (one of the three dimensions of .
social structure stipulated by the theory). It also led us to see the value of building up networks
of interpretation flows and blockages, which then suggested requirements for the kind of entry
and display facilities we need in the tools to capture and reason about this sort of data.

Foundations, Methods, and Technologies

In this section we summarize the theory, methods, and prototype technologies that have been
developed or refined on this contract.

Theory: Generative Practice Theory

We have developed a theory of social activity, called Generative Practice Theory (GPT). This
theory of social activity forms the foundation for our methods and technologies; in turn, the
methods and technologies offer tests that have helped us revise and refine the theory.

The name indicates our major commitments. First, the theory is generative — social structure is
understood as regularities generated and re-generated through the enactment of agent practices
(i.e., structure means ‘stable features of dynamic social processes’). A primary feature of social
structure is that action has two consequences; one is the accomplishment of the aims of the
action, and the other is to establish the relevance of that kind of action, enacted that way, in those
kinds of situations, by those kinds of enacting agents. So action occurs within and has the effect
of reproducing social structure.

Second, the theory is about agents viewed as bundles of practices, understood psychologically
(cognitively) and socially. We have developed a cognitive architecture for individual agents.
And, we have developed a conception of the primary categories that determine overall social
structure. Most importantly, we have developed a concept of practice that is uniform with
respect to individuals and collectives, thereby spanning the individual and the social with a
single construct. We discuss the architecture, social structure, and practice construct below.

Third, the theory is dynamic, reflecting several important commitments. Dynamics are entailed
by any view of structure that consists of regularities in processes, as we claim is the best way to
think of social structure. And, human action is dispositional — our knowledge is in the form of
competencies that embody tendencies to carry out practices in situations, and to adapt them to
the situation and according to internal criteria. Some practices are ongoing (non-terminating),
unless intervened upon — e.g., blood sugar maintenance, bureaucracies that persist even when the




problems they were formed to address have disappeared. Finally, a dynamic conception is
necessary for the uses of the theory — simulations to validate our understanding of social systems,
and to develop new designs, and etc.

The GPT is summarized by its commitments to individual and joint practice, to social structure,
and to a resource-bounded architecture for individual agency. One preliminary: we use
“behavior” to refer to an instance of an enacted practice, and “practice” to refer to the general
capacity of the agent to undertake and manage a situated action. So a practice is a generating
structure and a behavior is an actualized manifestation of the practice.

Virtually all human behavior adapts during the course of the action’s enactment. In particular,
behavior is regulated such that criteria are attended to in the face of the ongoing progress of the
action within the (usually changing) situation. This in-process adaptation is observed in the
lowest-level physical motions, in the highest levels of thought and communication, and etc. In
contrast with open-loop systems that run to completion once triggered, closed-loop ones are
responsive to information and interrupts during the course of their execution. We therefore
represent practices as closed-loop systems.

With this in mind, we depict practices formally in terms of the “Action Proposition” — a template
of the form “In Situation S, to achieve/maintain Criteria C, do Action A”. Note the contrast with
(open-loop) situation-action rules, which have the simpler form “In Situation S do Action A”.
Our more general form is necessary to capture human practice, with its features of monitoring,
interruption, and in-process adaptation (with arbitrary temporal grainsize).

The computational realization of an action proposition is called an “Action Schema”. Action
schemata implement action propositions via active triggering and data environments (i.e., the
situation component), a procedure (i.e., the action component), and a collection of monitors that
execute concurrently with the procedure and when activated suspend, abort, or redirect the
executing procedure (i.e., the criterial component). The practices we implement generally have
non-deterministic procedures.

We focus particularly on joint practices. These are practices of multiple agents, where the
ongoing adaptation internal to an agent’s enactment reflects conditions that have been, are, or are
projected to be enacted by other agents. Practices, such as multiple individuals collaborating to
move a table, plan an operation, or engage in discussion, are obviously joint. Yet many actions
that appear to be individually undertaken are regulated by the social norms and are for this
reason joint. (The standard contexts for types of behaviors, the assumptions (often tacit/hidden)
that underlie tasks and behaviors, the criteria that are used to measure and adapt results, and
features of the action that reflect the way other agents will interpret it, all serve to constrain and
guide the action in the light of other agents, even if it seems to be undertaken in isolation.) In
essence, if an action can be named in a way that others find meaningful, or if others adapt in any
way to the occurrence or products of the action, then the action is joint.

The practice model has been formalized algebraically, in the language of automata theory. We
employ Bucci automata, which allow for non-deterministic, non-terminating, interruptible
behavior. The agent and social structure models are developed as constraints over these




automata. We have proved theorems that characterize the conditions under which an agent must
be seen as a collective, structured by resources/communications/role-relations, versus when the
agent can be treated as an individual.

The theory of social structure that informs this work is that there are exactly three categories of
joint practice, three ways that practices can be seen as inter-dependent. All practice inter-
dependence can be captured by some combination of one or more of these ways. The three
dimensions of inter-dependence are resource flows, communication flows, and role relations.

All practices adapt to the availability and quantity of resources, both physical and informational,
and so the flow of resources in a social system is a strong determinant of its dynamic structure
(and performance). Concretely, we inquire into the devices/artifacts that are required and/or may
be used or consumed by each practice, as well as the information/data that is required and that
may be used.

Communications flows, in this theory, are the flow of interpretations as a consequence of
communication. Communication is distinguished from data or information, which we treat as a
resource. Communication is the meaning that agents take/assign to the information of which
they are aware, which, loosely, is the effect information may have on the ongoing and future
interpretations and other actions of the agent. This is clearly a co-adaptive process. Concretely,
we inquire into the topics of discussion that occur within the execution of a practice — how they
are initiated, and what they might produce in the way of revised commitments on the part of the
discussants.

Finally, practices are part of large bodies of inter-related practices called roles. E.g., to be an
intelligence officer, or a planning officer, or a baker or a doctor, is to embody a host of practices
that are inter-related in terms of the underlying assumptions they make and, especially, the
criteria that they attend to. Roles are defined relationally, in terms of the pattern of co-adaptation
in consequence of the actions of other agents. For example, we have the role relations given by:
commander / intelligence-officer / planning-officer — or, parent / child, or, doctor / patient.
Abstractly, role relations distribute criteria — revealed in authority, decisions, and native
interpretations — over a collection of socially-interrelated agents. Concretely, we seek to elicit:
conditions of practice initiation, expectations agents have for the execution of practices (i.e.,
about the environment, themselves, others, and about the total system of agents), how behavior is
guided by expectations, and how expectations adapt as a function of the evolution of the joint
behavior. The criteria served by these roles can then be extracted, so that practices that generate
the role relations are centered on the maintenance or satisfaction of the criteria.

Roles are the pre-eminent element of social structure. This means that the information we elicit
and the generators we develop must satisfy a condition: it has to span agents and contexts.
Simply put, a practice complex is a role if and only if it is played by, and recognizable to, some
sizeable collection of agents. This point is true of the resource and communications
infrastructures as well, but less so.

The agency model is designed to capture situated and resource-dependent agency (including as a
critical resource, the agent’s personal cognitive capacity), under conditions of greater or lesser




ambiguity about the next action(s) to take. A reactive capacity provides for immediate response
if a set of executable practices exist, for which there are sufficient execution resources (e.g.,
processors). A deliberative capacity recognizes when there are no immediately-executable
practices, when there are conflicts among practices (e.g., their criteria), or when there are
insufficient execution resources — this triggers practices to resolve the ambiguity, uncertainty, or
conflict by producing a non-empty set of actions ready for immediate execution.
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Figure 1: An Agent Model, Dynamic Schema Instantiation

Figure 1 depicts this agent architecture in terms of four components: a reactive component (RC),
a knowledge component (KC), a deliberative component (DC), and an execution component
(EC). The reactive component senses and captures internal/cognitive and external/environmental
states. The knowledge component stores the practices of the agent that are suitable for
immediate execution, should the right triggers exist in the situation and providing resources are
adequate. The deliberative component resolves conflicts, manages underdetermination (choices)
or ambiguities, adapts practices to available or accessible resources; its products are practices
that are suitable for immediate execution. The execution component dispatches execution
resources (cognitive, physical) to practices that are ready for immediate execution.

Methodology: Practice Mapping

A method is needed to enter into the rich phenomenon that is an organization and efficiently
make sense of it in service to self-understanding and improvement — after all, there is no limit to
“the phenomena that may be selected for study and possible improvement. The ideal method
would embody our detailed theoretic positions on agency, social structure, and individual
practices/competencies. And, the method must support the discipline imposed by our aim of
developing computational realizations of what we learn. Further, and unlike many social
scientists, we believe it is necessary to have a basis for validating statements/models of the social
system — our work is not just about creating hypotheses. For all these reasons, a rigorous




methodology is required to guide observation, interviews, and experimentation aimed at gaining
an understanding of the system, and this method must support a suitable concept of validation.

We have found that such a methodology does not exist — e.g., participant-observation methods in
anthropology and ethnography are inadequate — and so have created “Practice Mapping”.
Practice Mapping is the collection of methods used to elicit or observe organizational
pbenomena, develop a computational realization of the phenomena in terms of a generative
system of practices, and validate that computational model.

The main features of the Practice Mapping method are summarized in Figure 2. The figure
depicts Practice Mapping, or simply mapping, as cycling between articulation/focusing methods,
and critiquing methods. Each small box represents a number of specific methods we have
developed, some of which are described very briefly here. In fact, both of articulation and
critique can be undertaken concurrently, so the figure depicts a logical, not necessarily
sequential, relationship among sub-methods.
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M aps Process
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Define PM
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Figure 2: The Structure of Practice Mapping

We now present the essentials of the Practice Mapping (PM) method. Baseline articulation
studies establish the general features of a class of social systems of which the subject one is an
instance. E.g., a review of response directives and general crisis response materials (e.g., the
EPA’s “Incident Command System” for responding to hazardous materials spills) precedes our
mapping of any particular organization’s responses. In addition to learning the ‘lingo’ of an
organizational field, baseline studies can produce a preliminary analysis of the reliance of the
subject type of organization’s reliance on its physical plant and other resources, the typical tasks
the organization faces, the types of workflow or decision-making styles that are used to
coordinate task response, the types of participants for different tasks, and broadly-shared norms
on actions. Background analysis can contribute directly to the organization model. But in most
cases its role is to inform hypotheses that practice mappers (i.e., the individuals we train to use



practice mapping methods) use to focus the general elicitation strategies of practice mapping to
the particular characteristics of the organization types with which they are about to begin work.

Practice Mapping participants are those within and external to the system that are interviewed
and/or observed during mapping. Our methods allow us to discover through practice inter-
dependencies the agents or types of agents that need to be consulted, and so the participants
change over time in a way that responds directly to the quality of the modeling.

We employ three concepts to determine entry points (phenomena in the form of action patterns)
that we should investigate, and we revise these as part of the process. Behaviors are the enacted
practices, as described previously. Constituencies are collections of agents that relate to a
practice or action pattern either as participants or as stakeholders — so practice structures are
primary determinants of which individuals and groups need to be explicitly modeled as agents.
Themes are patterns of action that are judged by the PM participants as sufficiently important
and/or sufficiently recurrent to warrant analysis (e.g., “we fail at the end of a project to reflect on
what we might learn that would help us do better next time”). Themes are a generalization of
objectives that are sensitive to the practice structure of the social system being mapped. We
have developed a process for eliciting candidate themes from participants, an instrument for
eliciting judgements about the significance and recurrence levels on the candidates, and a simple
but robust statistical analysis method that. identifies themes and constituencies of those themes.
Hence themes enable us to determine, at any point in the PM process, what to investigate next.

Once themes are identified and high-impact ones selected (i.e., according to the statistics on
importance, recurrence, and scope of the affected constituency), we inquire into and map the
practices that generate the theme. We seek the ways behaviors are situated, the main flow of the
action, and the way action is adapted and interrupted. We are also guided by the social structure
model, so we seek to understand how the practice is situated in a larger social setting, and how
that setting both arises from and constrains the practices of agents. We seek to understand the
role relations among agents, the constituent practices of the roles, the co-adaptation (initiatives
and responses) as the roles are enacted, and then the way communication and resource
manipulations occur under the guiding influence of the controlling roles. Further, we are guided
by our agent architecture to understand and depict the resource-dependent nature of action, the
conditions that determine how critical recurrent uncertainties are resolved, and the skills agents
embody for resolving conflicts and ambiguities.

A large number of specialized methods have been developed and tested to acquire specific
features of the practices, agents, or social structures. For example, we help PM participants
articulate the criteria that inform practices by varying the resources available to a practice from
non-existent to minimal to opulent. We then study how agents adapt their action — the
actions/commitments that are neglected, kept, substituted, enhanced, and etc. to learn what is
criterial, or valuable, under that practice. Similarly, we ask.for examples of terrible, poor,
adequate, good, and great outcomes, and how they might arise, to learn about the range of
internal and environmental contingencies, and associated responses, embodied by a practice.

All PM inquiry is guided by the fact that human action is generally defensive — we humans are
reluctant to open ourselves to the risk failure or error, and we are reluctant to admit to them as
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well. Yet these defenses have profound impacts on what we can and do learn, individually and
collectively. We employ special communications methods to surface and explore defenses.

As recollections of behaviors are elicited and generalized as practices, their basis in participant
testimony and other observations is captured/recorded with the data and models. Note that as
part of practice mapping practice, we audiotape and/or videotape all interviews; therefore, a data
record is available for later review and for critique of mapping practices.

Once practices are elicited and formalized as action propositions, they become available for
computational expression as action schemata. We discuss this in the section on technology.

In addition to articulating practices, agents, and social structures, we are compelled to critique
the ongoing models. A number of techniques have been developed and tested to critique both
the contents developed by mapping thusfar and the mapping process itself. For example, the
data underwriting a2 model must be evaluated for its scope and validity, and the process must be
continually reviewed for its attention to the right themes and its assessment by the right
participants. The records we keep on the basis for model elements are used here.

Practice mapping concludes when the objectives that stimulate mapping have been satisfied.
Usually, this means that a generative model linking themes (in terms of dynamic execution) has
been developed, inter-subjectively validated by means of experiments and assessments of
participants, and used to support interventions to improve the social system — one or more of
training, redesign of resource flows or communications or role relations, technology insertion.

This brings us to the requirement of validating social models. The overall validation method is
to seek ongoing critique of a model and its implications, and to revise them accordingly.
Psycho-social models can never be proved true — the next piece of data might invalidate what has
been elicited and induced thusfar (e.g., reveal that a generalization must be made contingent) —
but they can be shown to withstand certain criticisms, subject to what we now know. In other
words, a model is explicated in terms of its supporting and refuting evidence as well as modeling
assumptions, and it is then justified in terms of the challenges that it is known to withstand.

We have tested and employ the following three specific validation methods. We develop
computational experiments, attempts to generate simulated results that correspond (and ideally,
predict) observable organizational phenomena. We also seek direct review of models by
participants and stakeholders mentioned in or affected by the elements of the model.
Experiments, and inter-subjective agreement on the model, validate that model up to the point
that critiques are successfully met. A third validation method is to intervene to change the social
system on the basis of what has been learned through simulation. Arguably, if one can on the
basis of a model cause predictable change/improvement, then it seems fair to say that a valid
model of the social system has been developed. Usually, these validation methods are combined
— agents critique models, then mature models are subjected to experimentation, and interventions
are designed, analyzed, enacted, and evaluated. Each of these methods is implemented within a
cycle of articulation, critique, and realignment.
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Technology: ACCORD

We have begun to implement a collection of technologies, called ACCORD, to assist us with
practice mapping, modeling, and analyzing social systems. ACCORD stands for Agency,
Cognition, and Coordination in Organizational Dynamics. ACCORD is composed of four suites
of tools:

1) Mapping Suite
a) collect and record data on agents, practices, resources, and the environment — the latter
two being represented as static and dynamic objects
2) Modeling Suite
a) construct a computational realization of agents, using the agent architecture, and of action
schemata, linked to supporting mapping data
3) Experimentation/Analysis Suite
a) define execution parameters for monte-carlo simulations of the computational reahzatlon
of the system, under various environmental or practice assumptions,
b) define measurements (probes) to be made to capture data during simulation runs
¢) develop experiments to validate the model of the system, or to explore what appear to be
anomalous relations between system observations and model implications
d) develop studies that derive implications of the system’s performance and dynamics
e) analyze and visualize the results of validation experiments and simulation studies
4) Simulation Suite
a) The distributed discrete-even simulation engine and distributed processing network that
executes action schemata (within agent architectures) concurrently.

We have begun to prototype the first three suites of tools. We have not yet built the simulation
suite, but have funds to do so and will be developing this engine over the next 6 to 8 months.

The three suites of tools are, in essence, interfaces. They support capturing data, designing and
capturing models, and designing and capturing analyses. These interfaces have been developed,
in JAVA, on a powerful PC laptop (Toshiba Tecra 740CDT). We selected the laptop since this
makes it a portable device that can be carried to the subject organization and used as a “mapper’s
notebook” during practice mapping.

The simulation engine will run on a distributed network of workstations (DEC Alpha’s).
Presently, we plan to develop the host for the engine (i.e., the controlling manager for the
simulation processes) on a DEC 600au, a very powerful workstation. This manager will assign
execution resources to simulation processes; these resources reside on other DEC workstations,
one of which is a powerful dual-processor workstation. The use of JAVA allows the laptops and
the host workstation to share data and control information.

The remainder of this section illustrates the use of the tool suite. We include screen captures of
one element within each of the mapping and modeling and analysis tools, and describe the
process associated with their use. The interfaces have been instantiated according to a
demonstration scenario we have invented, of a NonCombatant Evacuation Operation (NEO)
enacted under conditions of high threat and deception on the part of key actors. In this scenario a
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collection of rebels has formed and assembled west of the capital city and is marching west to
east through the city to the government palaces, with the intention of taking control. It has been
determined that American citizens should be evacuated. They assemble at the embassy and must
travel north to south, crossing the rebel path, to get to the evacuation docks. The interactions of
government troops, rebels, evacuees, and evacuation forces are studied and used in real time to
inform evacuation planning decisions. Deception and hidden actors figure into the scenario, as a
way to motivate why and how models are validated.

The. screen captures that follow illustrate the fundamentals of each of mapping, modeling, and
analysis. However, we stress that mapping, modeling, and analysis are not ends in themselves
but rather are in service of action in the world, e.g., operations review, design, planning,
decision-making, management, and etc. When we demonstrate the tools we show how mapping,
modeling, and analysis activities are combined (in crisis situations) to develop, critique, revise
and explore the implications of psycho-social models for operations. Hence psycho-social
modeling can serve processes of interpretation, planning, decision-making,
_communication/coordination, and execution monitoring, e.g., for real-time support for the
management of complex in situ responses to crises.

We now present graphics from each of the prototype interfaces.

Figure 3, from the mapping interface, illustrates dual methods for developing an understanding
of agent practices. On the left is displayed the ‘bottom-up’ method, in which agents are defined
as compositions of other agents, which are composed of complex practices, which are composed
ultimately of primitive practices. On the right is the social structure view; mappers use it to
establish the role relations within large-scale practices, e.g., the various roles taken with respect
to the civil uprising. Roles devolve into practices — ultimately, the same practices that appear as
constituents in the bottom-up view. Hence, both approaches lead to the overall set of practices,
with the bottom-up method disciplining the modeler to think about how practices are aggregated
within agents, and with the top-down or social discipline disciplining the modeler to think about
how practices are structured across agents (that is co-adapt according to resource, interpretive, or
" role/authority relations).

Once these practices are named, the user can enter (via additional tools) information about the
practice in the form of behavioral data, and then build action propositions based on the
behavioral data. In particular, mappers are provided with tools to encode their elicited and
observed data about practices, and then to formally describe that data in terms of the situations to
which the practice responds, the criteria that determine what can interrupt and/or redirect the
enactment of the practice, and the general procedure of response. The description of the practice
in terms of situations, criteria, and procedures forms the basis for the development of the
computational expression of the practice.

Over the long term these tools will provide direct support for specific mapping methods we have
developed. For example, one of our methods, aimed at developing the detailed structure of a
practice, is as follows: vary resources relevant to the practice from absent or minimal to opulent;
elicit the way the practice adapts; determine what is dropped, preserved, and added in
consequence; and from this induce the criteria being served and the contingencies that are
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recognized. This method suggests that the tool to enter behavioral data might be required to
support the structured maintenance of a family of behavioral observations, indexed by informant,
situation, and features of resource availability.

g?,ﬂrgamzahonal Placllces PreOperations Olganlzatlon

PreDperations Organization -1~ All Practices
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Figure 3: A Sample from the Mapper’s Interface

Figure 4 illustrates one modeled practice. Data has been collected and structured in the form of
an action proposition prior to this step. Here, we see the components of an action schema have
been filled in for a practice of the rebels in the scenario — the small battle that defines their
behavior when they reach the goal location (i.e., the government palace they wish to control).
The trigger and binding environment capture the situation information, the procedure the basic
action (which is itself non-terminating) internal to the practice, and the monitor list the criteria
that are used to regulate the action — manage its execution, terminate it if successful suspend or
abort it under failure conditions.

The more general process is as follows. Once practices are elicited and formalized as action
propositions, they become available for computational expression as action schemata. For this
task the components of the action proposition are converted to the associated forms in the action
schema. Situation information, usually derived from the contexts identified in behavior
observations, is partitioned into triggering information and in-process information (depicted as
local data access/storage structure). Process information is converted into a procedure that not
only captures the basic plan of action but also contains restart loci that provide for contingent and
variable response to interrupts. Criteria are converted to monitors — special procedures that
execute concurrently with the main procedure. When the conditions a monitor tests for are met
(e.g., a criterion is violated), the monitor a) suspends the procedure pending some conditions that
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warrant restart, b) restarts the procedure (at a new control point) based on new conditions (e.g.,
steer/adapt behavior to restore satisfaction of the criterion), and/or c) aborts the procedure (e. g.,
as a result of measuring success, deciding to accept failure, or losing interest in the action).

Action schemata are linked to their basis in modeling assumptions and action propositions, and
so ground in the data gathered from interviews, observations, and surveys.
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Figure 4: A Sample of the Modeling Interface

Figure 5 illustrates capabilities of the analysis environment. This interface supports the design,
execution, and analysis/visualization of experiments and studies. By experiments, we mean
simulations directed toward validating or refuting elements of an organization model (e.g., to test
whether it can generate statistics on practices that are not part of the model basis and yet
empirically verifiable). By studies, we mean the projective implications of practice response
dynamics, for various situations, of a validated model.

The method of conducting a study or an experiment is as follows. Users select a variation
structure for a model of interest; anything from a practice component to a practice to an agent to
an entire organization can be selected. This will be varied for the purposes of the study or
experiment. On the basis of structures marked for variation, scenarios are developed that define
elements of a space of alternatives over which the varied structure ranges. Probes are
additionally designed to take measurements of the varying structures during simulation runs.
Results  (probe products) are stored and made available to analysis and visualization
applications.

In the case of the screen capture shown in Figure 5, an anomaly is being studied. The analysis of
anomalies is central to our model validation methodology, and in fact our tools are designed to
maintain careful records of anomalies and analyses based on them. Anomalies are puzzles:
seemingly trustworthy real-world data is incompatible with implications of a currently trusted
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model. We study anomalies by developing an experiment that enlarges the range of variation of
a given model structure, often beyond what would seem reasonable, and then testing whether
under simulation any of the model variants is capable of generating outcomes that match real-
world data. If a successful variant is reasonable it may be taken as the new model; if no
reasonable variant exists then the model is called into question.

The |ntelllgence officer reasons that the flghtmg heal’d near

the palace can only be anti-govt rebels. since the government
troops would not be fighting and zince the shot didn’t sound

like more executions [also surprising). But this is surprising
because the rebels would almost certainly not separate themselves

The fighting heard near the palace must be indicative of a group
of anti-govt rebels having assembled or traveled to the east of
the embassy and north of the palace. At least one cluster can get
there. well in advance of the others. without being detected.

Figure 5: A Sample of the Analysis and Execution Interface

Important Findings and Conclusions

At the start of this contract we were in possession of a detailed theory of psycho-social
dynamics, as well as an initial version of the practice mapping methodology. Hence following
the order of development of the statement of work, at the project’s inception we believed our
first and primary task to be the development of a discrete-event simulation engine suitable
psycho-social studies, followed by the other tasks, e.g., refine Practice Mapping methods and
develop a validation concept.

We came to see that the simulation engine places few hard constraints on the specification of

models, and offers relatively little guidance on the method that might determine the best use of
simulation — and the opposite is true in reverse. Also, the technical issues of the engine are
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nearly silent on the critical issues of validation, which are central to the utility of the overall tool
suite. Hence we.discovered that our research and development effort would be better spent on
creating a suitable concept of operations, and then working from this to specify interfaces to
express and manipulate data, models, and analyses — in essence, reversing the order of tasks in
the SOW. Thus we developed the concepts and methods and then on this basis a collection of
interfaces that support and discipline users in the light of the method. We are now much better
prepared to develop a suitable discrete-event simulation engine for psycho-social dynamics.

Psycho-social modeling, and the way of working that attends it, are new and offer significant
challenges. We believe the work we have done thusfar, while not a final confirmation, is at least
strong support for the claims that modeling and analysis of psycho-social dynamics is feasible
and that it can be successfully integrated into the work of teams. Further, while much work
remains, we believe this type of work can be so integrated not just in support of ‘off-line’
studies, but even as real-time in situ support for teams facing complex and significant challenges
(e.g., interpretation, decision-making, and planning for crisis response).

We have tested our concepts and methods, and to a lesser extent our technologies, in a variety of
domains. In particular, we have assessed our progress not only with respect to the NEO scenario
we invented, but also with respect to what we are learning about hazardous materials response,
health-care delivery, business planning, and municipal planning. In each case we are focusing
on the need to respond effectively to critical change (e.g., to crisis). We find that the methods,
concepts, and tools are informed by yet robust in the face of each domain. This gives us
confidence about the research program, the tools, and the ultimate viability of this research for
commercialization.

Special Comments

No special comments.

Implications for Further Research

Our initial prototyping efforts have revealed the need for a collection of specific tools, as well as
more powerful representations for some of the central constructs. We summarize the central tools
we believe are needed below. We present both the foundational requirement the tool addresses
and the specific technologies that we think might be brought to bear.

It is clear that the deepest tests of our work, and the ultimate utility of it for tasks such as crisis
response, require a running simulation engine. We are ready to build a discrete-event simulation
engine, optimized for the monte-carlo simulation of inter-dependent agents behaving according
to their concurrent, inter-dependent, architecturally-managed practice dynamics. Such an engine
does not exist, since it needs to respond to all of our other commitments; we will design and
build one ourselves.

We need a uniform representation for agents, their constituent agents, agent architectures, agent

complex and/or aggregate and then primitive practices, and observations/testimony (recollected
or hypothesized behavior) used as the basis for designing a practice. At present we use special
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representations for each; this turns out to increase the difficulty of browsing and validation. We
believe a meta-graph (i.e., graphs whose nodes can be entire graphs) representation might be the
right general representational abstraction over agents, practices, and evidence. Such a facility
would replace the form-based input we have now. By virtue of its support for abstraction, it
would provide a quick-entry capability for mappers, as they gather initial/partial information on
practices.

We have said that data, models, and results each have the status of hypotheses in our method.
Each structure is the product of elicitation, observation, abstraction, assumptions, and design
ingredients, and each is potentially criticizable at any time (recall the articulation-critique-
realignment framework of critical dialogue, employed by users to assess requirements and
models). To support this, we maintain links to the evidence and assumptions of each item.
However, the current facilities are non-uniform, and do not in every case represent the item in
the form of a hypothesis with more or less justification. We need a template for hypotheses and
their supporting and refuting bases that can be uniformly applied both to the structures in the
system and as a format for critical dialogue among users. Argumentation templates, such as may
be found in Gregg Courand’s PhD dissertation (“Cooperation Via Justification-Based Consensus
Formation Processes,” Stanford University, 1991) or as proposed by Stephen Toulmin (“The
Uses of Argument,” Cambridge Univ. Press, 1958), offer candidates.

Validation of psycho-social models can be an infinite task. At what point can we claim that our
model of some agent is of sufficient scope, offered according to useful distinctions, internally
consistent, and properly predictive of or congruent with real-world events and structures (i.e.,
complete, efficacious, sound, and true)? We need a principled technique to guide our selection
of what to validate, and to help us assess the extent to which we have or have not so validated a
structure. At present, we employ the concept of an anomaly as an entry into these issues:
anomalies are instances in which a trusted datum from the world either cannot be expressed or is
inconsistent with implications of an otherwise-trusted model. Critical dialogue raises and
investigates and handles anomalies. We seek to formalize this using a rigorous calculus, and are
exploring the adequacy of Bayesian decision-making for this purpose. If adequate, the concepts
of sensitivity analysis and of value-of-information could provide useful tests for validation
purposes.

Distribution of this Report

The following individuals/organizations comprise the distribution list for this report.

DARPA/ISO

Attn: Dr. Steven Flank
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Arlington, VA 22203-1714
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Appendix A

The slides that follow, taken from our final project review for this first/base phase of the
contract, present a careful summary of the concepts and methods on which our work has been
based, as well as the results of this effort. They also include material on the formal algebraic
foundation for the theory of generative practices.

20




8& WEuAdoD © ITT VIDTUNAS I

Jueiug Y ey ‘reoym

"D ‘onn "y ‘as3uoyqeprey)) [ :JJe1S YoIeasay]
(I8N “lo1d) yons H

(Id-0D) puemo) "D "I ‘(Id) SuIysd ‘W Iq

e |, 109l01d s BI3I0UAS

OSI VA4V “(uv]d uaaaig “A(J 01 paruasaid
L66] ‘[ 22 — Ma149Y 102[04

sorureuA(J [euoneziuesi() euonendwo?) (O

VIDYANAS — Pdloidd0d — VIDOAANAS



L661 WSuAdoD © 11 ﬂ@ﬁ@é&

A3orouyoa ], Surddey 2omoeIJ JO oWd(]

A109Y ], / $1doouo)) SurAj1opu) uo JIOA\
Ma1a424() 102lo41g

BPUISY

VIOUANAS — 1900ad 0D — VIOUANAS




L661 WSULdoD @ ITT VIDUHANAS

(MIODDV) SIsATeur/uone[NUIS UO PIsk(
s100) 110ddns asuodsai-sisL Jo adA1010ad ugiso(g

SurAos-wa[qoid [euonezIueSIo JO SSOUSATIONJ
Q0URYUD 0) A30[ouyd9)/spoylout d1o[dxg

2SUOdS?1 puD SUTUUD]d SIS1LD U0 110[f2 SN20] —
Sp4vpupis JANAIIOSAI —

sjopout ANdIIdS( —
3urajos-wo[qoad ruoneziuesio Jjo sadKy
yueyrodur Jo sonupudp p1o0s-oyoLsd areoridxg

SINSS] JUIWAO[IAI(] / YOIBISIY

VIOUANAS — Woad dop — VIOWANAS




L661 W3uAdoD @ JDTI VIDAANAS 14

sj003 Surddewr
-oonoeld Jo g YOOIV Jo adK1or01d udiso(y

ASojopoyowr Sutddpp-29139D.4J JO JUSWIDUIIY

(ASdD) JIomaureIJ [eO1J2I0Y] [RULIO]
aIeD I[eaY AOUI3ISW pue [BINII) —
SONIATIOR JOI[aI-I)SBSIP JOYJO PUB [OIUO0D JRWZR]] —
OHAN :9Su0dsaI-SISTIO ATRIIN —

AemIdpun sasATeue UTRWOP SAISUI)IXH

V-1II dsey 133fo1J ur ssaagoxg

VIOUANAS — W3oad dOD — VIOAIANAS




L661 31kdoD © | ITT VIDOUHANAS | S

sTe1ldSOl uor7Z I\ pue piojueis
[00UOS 91eNprI3ISOJ [BABN

SOIPNIS J139J1eNS PUR [ U] JOJ 9IMNSU] AQISIUOJA

SOIOUAZe BAIY Avg pUB BIWIOJI[R)) SNOLIBA —

Vdd —
SUOTIRZIUBII() JOI[IY IISBSI(] PUB 1B]NZBH

(11adxa QAN ‘sdoadg “1seq 9IppIN ‘Iolen
939[[0)) JJe1S AWy "3'Q) S1SATeur Arejrfiur A9

SI0)eI0qR[0))

VIOYANAS — M3load dod — VIDIANAS




L661 W3uLdoD © D11 VIDIANAS

A3o[ouyoa], Surddeyn aomorig Jo owa(g

£102Y [ / s1d2ou0)) SuikiLapu) uo J1opM

MITAIIA() 193l01g

BpuUddy

VIOUANAS — 190oid 0D — VIOUIANAS




L661 W3ukdoD @ ITT VIDTANAS L

A3o010uyd9], pue SpPOyIIN
YIOMAWRL] [BONQIO T,

SUodaduo) YSv.J puv uipuo(]

AI09Y I, pue $3daouo)) SUIA[IdpPU) U0 MI0AA

VIOYANAS — 9load 0D — VIOWIANAS




L661 W8ukdoD © D11 VIDISANAS 8

(. uoneroqrrap sA uoneredard, —[[omaN “Jo) uoneidepy —
SNSIOA UOTIORIY —
SNSIOA UONBIQIQ(] —

9suOdsal [RUOIIRI PIIWI[-90IN0SY :AdUISI)
(sseudjorduroour quaIuU0d PIfRAUL *3°0) L0LI2 JUUDA] —
(Surpue)siopun JO 2uwin.4f JUAIIND AQ PoUIJop) ST —

19SIN0 Je pAJeIAqO sue[d I011] :Ajurelaadu)

D142]119/SaN]DA KA 9AISSAId 0 108 ISNJA] :JBAIYT,

SISLI)) JO S3.anjed J sururjd(g

VIDOUANAS — 190id 0D — VIOIYANAS




L661 W3uAdoD @ OTT VIDOUANAS 6

(uoneidepe owely) JutuILo T —
uonoeal poredarg e
UoneIdqIR(
3urpue)sIopun JUALIND Uo JUNOYy —

| 3uoure 110JJ0 OPIAI(] o

Aoua8.an pue ‘QQuivii2oun ‘1pa.4y3 pun JulAJOS WA[OIJ = SISII)

3suodsay SISLL)

VIOUANAS — W0oxddoD — VIOITIANAS




L661 3B1AdOD © I T'T VIDOTHINAS 01
. paseuewx
ATOATIONIISUOD PUB PAYIIUIPL 9 ISNW SIO1fU0I pUR S2IDULOUY —

(SMITA)
SOWIRIJ JUSSIOATP 221821/JufS PUR ‘91BUIPIOND ‘QIR[NONIR 0] PN —

QOT0YO XJ[dwod UBY) QI0W S[IRIUS 9SUOdSaI SIS

soomoeld JudSISAIP pue seapt FunorfJuod Aenuajod Apoqug —
paje[nonaeun 91 9108} AT[RotdA], —

soAT10ads1ad aAnoalgns 9soy T e

sasuodsax o[qissod 29 uonenIs SISLIO B JO MIIA
2ATI[gns ® saIpOoqUIL 10108 [RUONIBZIUBIIO OB

NdeI] [ruonezIiuedi() ue se Isuodsay SISLI)

VIDOUWANAS — 9foidd0d — VIDWIANAS




L661 W3uAdo) © D11 VIDUANAS T

A30[0uyd9], pue SPOYIIN
(OO PIM) YLOMIAUDA [DI1]2L02Y [
suondadouo)) Yse ], pue urewo(g

AI09Y I, pue s3dadouo) SUIALIdpU() U0 YIOAA

VIOWINAS — Pafoigdod — VIDAANAS




L661 W31&doD © OTI VIDHANAS e
SW2ISAS [puoyvIndulod SuiZiup3i0-f)as se s310/SIUY  —

JuUdSe- UoNeZIURII() AJNAISINOY —
(SewLIoqeH ‘[ ‘SUIppIL) Y “10) 201190.4d
-UI-2.ANJONALS SUIUIDISNS-{]2s 910D ] :SND0J A1ojeuedXy

(eIMm10oNMS YSE) J108) ‘PIZI[RISUIST SB SI[0I) SUOTR[SI AJLIOYING/S[0Y

UONBOTUNWIWIO))

SMO[J 20IN0SIAY o
:KouapuadopIaiur 10J0B JO SUOISUSWI(] = 9INJONNG [eI00S —

(§20u212dU105 *3°1) SIS SB SJUSUNTUIUIOD
‘sonfeA ‘sjoreq SurApoquud s20170v.4d Jo so[pung :SI010Y -

(S1uQ8e) S10J08 pUB SUOIBZIUBSIO [RIOOS

SOTWRUA(] [BIX0S-0YIASJ ANBIUID) — (ISID
VIDUANAS — P3loidaod — VIDIANAS




L661 W3ukdo) UAA VIDUYHANAS ¢l

(s1Io[puey
1dnuoyur snouoIyouAse

‘pPaI9331M-)UIAQ) SIOITUOTA IMONIIS
ASOﬁON JO S3SINO0J patn)donins ﬁﬁQOﬂ-@HSQEOU
‘ONSIUTULIdNOP-UOU JO
uoneolrdads) :3INpadoig

SDUIYIS
(SYuI SSQ00® BIRp) :TopUIg uonoy

(uxoyed 10831n) :I07RITU]

VY UO1nd% tIoj1ad 7) UOLIIID
199U 0] ‘§ uonenis U] — uoyisodosd Uooy

MNIBIJ JO 3INJINI)S [BULIO T

VIOUANAS — 0oad d0D — VIOWANAS



L661 8uAdo) © D11 VIDIANAS | 1

C 400’ | Jouu]

BJeWI oS U0y
o)

sindinQ @\

ok! . o

™

[ dooT 1ouug

dooT 101
PIRIPIW-JUIWUOIIAUF

uonenue)su] eunydS IIWBUA( [PPOJA 100V UY

VIOSANAS — dloid d0D — VIOUIANAS




L661 W3ukdo) | D11 VIDTANAS ST

£102Y] JO UOISLIA [DIYDMIYIDUL ‘SNOLOSLL D DIIN o

SIdNew uoneyuawdrdur
a) JO yonuw MOH :WOPIAIJ JO SIIZP AUBW OO,

QOESEEHE d8uaqreyd swo[qoid JuOWUSISSB-1IPAI)
S[opow-uote[nwIs 3unepifeA pue sunaidiouy —
Q0uaros Teouduwd 10J jou Ing sosodind uSrsop
WAJSAS 10J dur ([V “3'9) UoneINSUOWOP-AQ-UOTIRPI[EA —
s[opowr uonernuis xaduwos
3unepifeA pue sunaidiojur ur ASBRUIULIIOPU]

uonepuno,J [euLIo :23ud[[ey)) dNAeuy

VIOUANAS — 9loid 0D — VIOWINAS




L661 W3ukdoDp © D11 VIDIANAS 9T

$10108/5310 JO s9ss2001d SutuIea] pue JoeqpadJ aandepe saxmde) —

Jua3e/10108 Sk 19U JO sme)s sourure)ap Jurdnoo jo p3uong —

saonoeid pardnod Jo 10N = uonezruedio

()2I9SAUAD) “*JO ‘UOJBUIOINE SB “AUD “ZIA) Suortjoe
J0199JJ9 pue uone[sue) Jndul BIA JUSWUOIIAUD

0) pa[dnod saoroeld Jo o[pung = S10)0Y

soTwreuAp ss9001d paurensuods Kjroedes/eoiosoy :Sumids ae1g —

$9889001d SNONUIUOY USAIP-JUSAY :BjewoINe (Sun[ey-uou) oong —

blvpuiojnn-<X SN STUIULIIOP-UON = S391deId

(xrpueddy ) (qSJD JO UONB[NULIO] [RIJBWIYIBIA

VIOUANAS — oxd dOD — VIOAIANAS




L661 W3uAdo) @ JD'TT VIDIANAS LT

£3ojouydsa ] puv spoyiapy
JIOMAWERL] [BONAI0dY |,

suondodsuo)) Yse ], pue urewo(]

AJ09y ], pue s3daduo)) SUIA[IIpU ) U0 JI0AA

VIOUANAS — oagd doDp — VIOAIANAS




L661 148HAd0D O DT VIDOUANAS 81
eee ((ID) IN30IVIP IVIYLLD DIA eee

eee UOUDIADPD UIALIP-LDUOUD 1I0dANG eee

UOT}OB 0] SJUSUIITUIWIOD PUB SMIIA SUNOI[JUOD 9FBURWI/)SI) A[OATIONNSUO)) —

SoUIe1J JUSSIQAIP JO UOLRUIPIOOD PUE IS9) ‘UOB[NONIY —

sorupudp po1sdyd sv
[]2M SO IDUOYD2ZIUDSLO 2SDUDIY o

Sururea| —

uoneIdqIeq —

uonoedy —

@ Suowe 11010 ooURRg o
£oua84n pue ‘QQuUIDIL22UN ‘IDa1Y [= SISII)

VIOUANAS — 1900id dOD — VIOWANAS




L661 WBukdoD o D11 VIDISANAS 61

UOTIBOTUNUIIOD [BITILID “QAT}OQ[JOI UI POpUNOI

(suonoe 1YJ0 pue 3urajos wojqoid)
somoeld [euoneZIuesIo 9ATIRIOQR[[0)

LaN30]vi(T [pIYLL) STIRYA

VIOUANAS — dload doDp — VIDWIANAS




L661 W3uAdoD © DTT VIDIANAS

(2uinAf SUSIND UD SUIYDILG) SUIULIDI] PAJVUIPL00D TDINLLD)

(SweIy SNSUISUOD UIYIIM) UONORII PAIRUIPIOOD ‘TROTIII)

(SWeIJ SNSUISUOD UL, M SISATRUR) UOTBIQI[OP PAIBUIPIOOD ‘TROTIL) |

Aandepe [euoneziue3io 0} UONNLIIUO))

*019 ‘sa1o170d 90IN0SAI “S9[01
‘stra[qoId 29 $10BJ JO SMOTA UI PAIPOQUIS UOTIOR 0] SJUSUTUIUIOD
anbnio 10308 se amjonys [euoneziuesio syoedurl (1)

MOTJ UOTIBJTUNWIWIOD PUB 99IN0SAI UO SIUTRIISUOD
BIA (1D 10edur s2onoeid [euoneZIuRSIO JO 9IMONIS/0URISqNS oY [,

0c

SOTWRUAP [euoneziuesdio uo joeduwy e

uoneziuesi( [erog uo jpeduy :dngofei( [EINLI)

VIOUANAS — Wioxd oD — VIOIYANAS




Le61 WBLAdOD © OTT VIDOUANAS o e
JUIeIJ SNSUISUOD UTYIIM S9SUOdSII ISIOAIP 9)JBUIPIOO)) —

SWIRI} SNSUASUOD dY) {0 pup urgim sanbnuo jrodxyg —

owrelJ wofqoxd anbnuo 03 saAanoadsiad 9s10AIp d10[dXH —
ANSIOATP/IOT[JU0O TeuoneZIURSIo SUNIO[dX

SNSUISUOD 0] OUIFIIAUOD SAUBYUH —

guiajos wa[qoid se [[om se Sunup.Lf wa[qoid sassaIppy —

PISTAQI pue paje[nonIe
JUAUITUIUIOD U0k I9JO puk ‘BLINLIO ‘SUB[J —

an3oTeI(] [BONLI) JO SINIBIJ A9Y e

Isuodsay SISLI) uo joedwy :dngofei(] [BINLL)

VIDOUIANAS — foad dOoD — VIOIYANAS




L661 WB1AdoD @ OTT VIDUANAS | e

£3oj0uy2a | MEQQSE 2011904 Jo owa g
A109Y ], / s1doouo)) Surk[Iopu) uo JIo M

MITAIOA() 109[01]

epudIdy

VIDYANAS — Poxd d0D — VIOAIANAS




L661 WsuLdoD @ 11 Swmm_zwm €T

sugrsopai/suefd yo suoneorydwr asrexdde 01 sisA[eue aAnof01g

STUUIIUUL0D US1SIPa./Suruup]d 2.4mdpI 01 U01S149.4 (9POJ —

sontoeded paqrejud  suonezruedio asteidde o) sisA[eue aAnoaforg —

BIeWayos uonoe pafdnoo se sarouopuadapiojur sonoeid Surddepy —

Suiddew jey1qey -
s154]pup V14 udrsop/3uruue[d [eUOTIRZIURSI()

sorouspuadopioyur 119y} pue seonoeid SUuISIAI UI pry —

o1monns/sorueuAp 2onoe1d jo festeidde eonur) —

sQonoeId orwrRUAp SUOTIRZIUBSIO JO [OPOW SJBPI[RA PUR JJR[NONIY —

ourpdrostp Surfepowr aAndirosaxd pue oANdiIOSI(] e

surddep)] 9o1981J JO MIAIAIIAQ

VIDYANAS — Woid dOD — VIOAANAS




L661 WSuLdoD @ D11 VIDIYANAS 144

(Suratos-worqoad onAfeue se [jom se Suruuerd 10J)
— S]00) uomnepIeA/uonRIUIWIIAX] —
— S[00) uonejuAWA[dWI [OPON —

— S[00) (UOTIA[02 vIR(]) Surddey —

AING SISA[eUY pue uonewWIS (TYODDV

93§ [00], HODIV

VIOUANAS — 0oad dOD — VIOWANAS




L661 WSuLdoD o

ID'TT VIDUHANAS

SUOISN[OUO0)) puk Arewiuing

BpUI3Y

VIOUANAS — 199001d dOD — VIOWIANAS

¢C




L661 W3ukdoD D'TT VIDUAIANAS 74

(@IODDV) SIsA[eue/uone[nuIls uo paseq
s[o0) J1oddns asuodsai-sisiad Jo adA10101d uSIso(y

SurA[os-wa[qoid [euoneZIuB3IO JO SSOUIATIOI]ID
20ouR(Ud 0) AZojourdd)/spoyjow a10[dxy

2SUOASo1 pub SUTUUD]d SISTID UO 1LO[ff2 SN20] —
Spavpupys AN diIdsor —

S7opout AANALIOSI(q —
SurAjos-wa[qoad euoneziuedio Jo sadLy
jueyrodwir Jo sonuvudp p100s-oyoLsd ayedrdxy

SANSST JUAWIAO[IAI( / YIIBISIY

VIOUANAS — 19001 d0D — VIOWIANAS




L661 W3uAdoD @ D11 VIDIYANAS | LT

sj001 Surddew
-oonoeld Jo 9IS YOOIV Jo adKioro1d uiso(y

A3oopoyiowr surddppy-201390.4J JO TUSWISULISY]
(ASdD) YIomaure] [89119I09Y) [BULIO]

QJed I[edY AJUQ3ISW puk [BONII) —
SANIATIOR JOI[QI-I)SBSIP J9JO0 pue Bbcoo JewIZey —
OHAN :9Su0dsaI-SISIId AIRIIA —

AeMIdpUN SISATRUR UTRWIOP SAISUIIXH

V-11I 3seyd 199foag ur ssdagoag

VIOUANAS — 9oid dOD — VIOIYANAS




L661 WSH1AdoD DTT VIDOSHANAS

ueld uoneyuowardur 1] aseyd arenurLIog

wroyrerd “Adp 9[qeins (1odui 10) yuswarduuy
adAy0301d 1593 pue “‘ouryar ‘udisop ojordwo))
(pIofoounT) Jonuod 7 puewrod ‘Suruueld (oA sdio) —

(Vdd) jewizey —
yoeoadde Jo Areiousgd 1s9) 0)
SUrewop I9YJ10 WolJ SOLIeUddS dAneuIde dofeAa(g

sasATeue urewop 99[dwo))
q-11 3seyd 139[oad :sdajq 1xaN
VIDUHANAS — P3Moid 0D — VIOWANAS




L661 1W3ukdoD @ ITT VIDTANAS 6C

SI0JOY JO SYIOMION
pardno) £[9soo0] se suoneziuedio

soxa[dwo)) Ad11081J SB SI0J0Y

901)oRIJ JO UOTION POZI[RULIO]

A103Y ], dSdD Jo
uonemnuLIo deIqagd[y :xipuaddy

VIOWANAS — 199001d 0D — VIOWANAS




L661 W3SuLdoD © DTT VIDAANAS 0€

(31oquerry “'J0)
AJOQ1]) BjRWOINE [BOTIRWSIRUL UI SB UOIDULIOIND-T
IUSIUIULIDI2P-UOU B ST 1ORId 10BIISR UR ‘OS o
Xy UL SUONISURI) JO 1S AYI ST O XIXOD D 7
pue “dsa1‘saje)s (Jeurura)) 1s9) 29 enmI O S I T
‘S91EIS JO 19S UL B ST () AIYM ‘[FLT‘O]= 3
‘U0 2217o0.4d10D.415qDUR JUIJP U], 19S B 9Q T 19

221300.4d € JO uondLIosop O1RIQAS[Y e

uoneziuesi( Jo AI03Y [, [BINBWRY)IBIA & PIBMO I,

VIOUANAS — 10oid dOD — VIOYANAS




L661 1Y3uAdo) @ D11 VIDIANAS 153

1821 syuasaxdar ;7 mou Qoosmc S3sSad01d maEE uo Z —

UOTSUAdSnS sasned,, A/ ISe9] pue ‘IopIo JOLIS B SI
N STAIUM ‘N X [ = () “SIUTensuod AJoeded / 90In0Sdy —

SJUQUIQUIJOI [BIIUISSH o

'20119D4d PIPPIqUIIUR SIY «— T X O YPUR‘T ¢ §:
araym [y d*y]= VS uoy ‘s1es o Yy pue § I
JUOWIUOIIAUD JI9Y) 0) po[dnod suoneziuesio pue

s1uage Juasaxdalr (suasAs) ao1ovad pappaquir]

suoneziues.I() pue s)uddy SUIZI[BULIO J

VIDYANAS — oid dOD — VIOWANAS




L661 WSuAdoD © DTT VIDAHANAS 43

"WA)SAs 9onovid pappoquia

JuseAInba suryep sjuaMIISu0d uowe sorouapuadop
[errered pue enuanbos jeyy moys uononpur A :Jooig

omoeId pappaquua o[3uls ® ul pajuasaidar oq ued

$JUSSE JUSpUSdOpIAUI JO J9S NIUIJ V | WIOI ]

| | (¥o0gpaaf) ok -
ool

4/, |
- o .

[olfered —
[ennuanbag —

SIUANTISUOD Juoure saruapuadopioiuy :o1monng .

24nJoN.0S [B120S SUIZI[BULIO J

VIOYANAS — 109[01d @OD — VIOWANAS




L661 WBuLdoD @ | IDTT VIDOUANAS €e

10JOD — JU2 3D UR ‘A[QATIRUID)[R ‘IO X2]duwiod 22130v4d

e N [[eoamM udy], 'V < J X(

1

‘OX):Ypue ‘us1>710j

R Ix('DX): 'dpue “dser‘(sindino) suonoe pue

syndut axe 7 oxoym [y { 'd} v 1{ T gl = w10 -

SEyC QIIM UJO I 2911904d (*0°8) indino - apis e
stV ey (,0°b)Y =(0°D)Y ‘X 3,0 003 DAY
wasAs 9onoeid poppaquio Ue on [vd<2y]="%10] -

:8255220.4d ndjno-2ipis Jo $YL0MJ2U St SJUASY

ot o 24MINAS YUY SUIZI[BULIO ]

VIOUANAS — 10201 dOD — VIOWANAS




