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Chapter 1—Introduction and Executive Overview

1.1 Introduction

The overarching focus of this project was on the "Representation of Non-visual Stimuli as a
Precursor to Mannequin Stimulation over the Internet”. As is evident from the title, the work of this
project involved the preliminary background effort that is necessary in order to prototype the
stimulation of a mannequin in a distributed setting. ( Prototyping was planned for the Phase II
stage.) What is not clearly communicated by the title, but what isno less an impor'tant component
of the intended effort, is the machinery of the HLA is to be utilized in reaching the prototvping
stage. * '

The mannequin in question is a medical mannequin that has the fidelity to be used as an
instructional tool in medical schools throughout the United States. Of course, development must
be done in order for the mannequin to recognize any communications that are through the HLA
conduits.

This preliminary Phase I effort has been theoretical. The nature of stimuli and the question ¢f how
to characterize stimuli in terms of their respective effects on human physiology have been
investigated. Even the question of the choice of which stimuli to include is predicated upon their
ability to evoke a reaction from the human physiological system. Ramifications of decisions as to
the boundaries between the modeling of a stimulus and the modeling of its effect in the human
physiological system havebeen investigated. The separation of stimuli into the simple and complex
categories was the result of certain of these investigations. '

Constraints on the modeling of human physiological systems arise from the requirement that the
functionality should be reproduced. Moreover, the features of the physiological systems modeling
should include clinical quantities which are so important to the functioning of the mannequin. In
this Phase I effort, the focus of the modeling effort has been to capture the behavior and the
functionality of the respiratory system and the cardiovascular system.

The Object Model Template component of the High Level Architecture serves to organize the
modeling of both the stimuli and the human physiological systems, as well as their methods of
interacting. It does this through the structure of the Simulation Object Models; with separate SOM’
s constructed for the stimuli modeling and for the physiological systems modeling. The structure
of the ultimate interoperation of different simulations is given in a Federation Object Model, or
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FOM. In the context of two simulations, the stimuli simulation and the physiological simulation,
their interoperating could be expressed in a "human response to stimuli" federation.

Physiological SOM ~ Stimuli SOM

“Human Response
to Stimuli* FOM

Figure 1. Architecture of “Human Response to Stimuli” Federation

Underscoring the theoretical nature of Phase I is the nature of the deliverables in this phase. They
include the development of separate simulation object models (SOM’s) for both the stimuli
simulation and the physiological simulation. The development of such object models precedes any
code development for the respective simulations. (The code development segment was planned
for Phase II.) Also included is the development of the Federation Object Model (FOM) for a
federation which involves the interoperating of the two simulations represented by the SOM'’s.
Along with the FOM is a description of certain scenarios which illustrate the interoperation
between the two simulations in the federation.

In addition to the work leading up to the deliverables for Phase I, some effort was directed towards
looking ‘into implementation issues and extensions. This involved the more generic issues of
distributed simulation and effects on a running federation. Also, a possible extension/ relationship
of certain stimuli to environmental data was explored in the context of the state of the art
- environmental models.

A general discussion of the object-oriented methodology used in the development of the simulation
object models (SOM’s) is presented in Chapter 2. Although the High Level Architecture violates
some of the standard object-oriented behavior and constructions, it incorporates others. The
development of the Stimuli SOM and the Physiological SOM proceed without any legacy system
giving guidance. In this situation, the object-oriented methodology is extremely helpful in guiding
the development of the models (SOM’s). The relevant techniques are presented in Chapter 2.
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At the start, it was found that the conceptual space for the modeling segments of this project
needed tobe narrowed. A conceptual space, which would/should encompass the Stimuli modeling
and the Physiological modeling, had to be developed. This was done without input from any
legacy system or reference FOM, and is discussed in Chapter 2. However, the possible future need
of a reference FOM is discussed in Chapter 6 (extensions). Finally, the process of developing the
Object Model Templates from the HLA standpoint is presented.

The development of the Physiological simulation object model is addressed in Chapter 3. The
rationale behind the development of the spécific object classes is discussed. The role of attributes
in communicating the modeling capabilities cannot be overstated. This chapter includes a
discussion of the attributes, and the resulting functionality in the modeling. Interactions were
identified through the use of event trace diagrams. Examples of these are presented prior to the
subsection on interactions. The interactions of the Physiological SOM are covered in this Chapter.
An additional section on "integration" of the modeling segments in the SOM was found to be
necessary, and is included in this chapter.

Issues related to the development of the Stimuli SOM are covered in Chapter 4. These include the
fundamental issue of scalabilty that arises in the discussion of the boundary between the stimuli
simulation and the physiological simulation. This involves how much information the stimuli SOM
has or should have, how much it should acquire, and what quantities it should be re5ponsﬁ'31e for
calculating. The object identification process is presented. It is in the discussion of the
"Informational Attributes” that the linkage of the stimuli to the recipient human physiological
system is developed. This chapter also addresses the case of "simple” versus "complex” stimuli. It
is the cases of simple stimuli which are developed in the Stimuli SOM. A discussion as to how a
future effort could incorporate complex stimuli is presented.

Chapter 5 presents the Federation Object Model for the intended federation: "Human Response to
Stimuli". This object model template component is presented in two versions. These separate
versions are motivated by separate views of what additional federates might participate in the
"Human Response to Stimuli" federation. The scenarios for this federation are presented in
Chapter 5. Through these scenarios, some of the simulation capabilities of the federation are made
explicit. '

Potential extensions to the Phase I effort are listed in Chapter 6. Part of the extensions center
around the mannequin, and requirements of interfacing to HLA. During the course of this Phase
I effort, it was found that a project involving the development of a "Medical Federation”, which
involved a mannequin, was already underway. Results from this project are referenced. Other
extensions, not necessarily involving the mannequin, are presented. ’
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From a usage standpoint, simulation applications of the Stimuli federate in the "Human Response
to Stimuli” federation might involve interoperating with an environmental federate or a weather
federate. One such example is given in Chapter 6. A possible usage for the "Human Response to
Stimuli" federation might be as a link between the aggregated forces and the individual combatant.
The physiological system could represent the state of the individual combatant.

Whether or not the mannequin (hardware) is in the (simulation) loop, the "Human Response to
Stimuli" federation would most likely be run in a distributed manner for many applications. For
example, educational applications, involving the virtual human physiological system, could be
implemented in a distributed manner. The distributed network could be the Internet. In fact,
distributed education over the internet has been cited as a future application. One such application
could involve the effects of medical drugs as stimuli. Chapter 6 contains a brief discussion of
distributed simulation issues and of the role of HLA in simulations. In order to develop the
Physiological SOM to its fullest potential and to aid in identifying the new applications and
potential users, itis suggested that the Physiological Reference FOM be developed. The discussion
of HLA in the context of educational context is done in terms of the reference FOM.

1.2 Summary

The results of this project are the Object Model Template tables which are found in the Appendices.
Note that the Object Model Template forms one of the components of the High Level Architecture
(HLA). Simulations that are developed under the auspices of the Department of Defense are
required to be HLA compliant. The tables which comprise a simulation object model (SOM) or a
federal object model (FOM) are those in a standardized list defined in the Object Model Template
specification document.

Prior to any software implementation of a simulation showing how the human body responds to
certain stimuli, it is necessary to develop the theoretical models which give the simulation its
structure. The human body may be represented by a mannequin, or it may be virtual. The network
connecting the Stimuli federate, which is the software implementation of a stimuli generator, may
be the Internet or it may be a local area network. This effort is concerned strictly with the
development of the theoretical models, whose structure must be compatible with the Object Model
Template structure. Of course, a consideration of future utilization plans and of implementation
issues even at this theoretical development stage helps to not only set the bounds of the
development but also results in a more robust development.

One of the first steps in the development of the theoretical models was to bound the simulation.
A stimulus was defined to mean that which could evoke a physiological response from a human.
This is clearly still too broad, so the parameters .of the mission space were further tightened.

-4-
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Ultimately, the selection of stimuli was confined to those which evoke a responsev from the
respiratory system. In a similar manner, the modeling of the human body response was confined
to the cardiovascular and respiratory systems (and supporting medulla centers). The factors
involved in narrowing the focus of the conceptual space are discussed in Chapter 2.

During the course of this project, a Stimuli SOM, a Physiological SOM, and a "Human Response '
to Stimuli" FOM were developed. The Stimuli SOM and the Physiological SOM represent
simulation object models which convey the nature of non-visual stimuli which affect the
respiratory system, and the cardiovascular and respiratory systems in the human body,
respectively. Each SOM contains object classes, attributes, interactions, and parameters which
model its domain.

Object oriented techniques were used to elucidate the structure of the SOM’s. Certain base classes
in the Physiological SOM are organized according to mechanical engineering type classifications.
The interactions, listed in the Interactions Table, of the Physiological SOM represent the events
which take place between or among various of the objects. Such interactions model the
physiological functions in the respiratory and cardiovascular systems. V

Even though it is the smaller of the two SOM’s developed in this effort, the development of a
representation scheme for non-visual stimuli was quite challenging. Also at issue was the matter
of where to demarcate physiological objects and stimuli objects. Should there be overlap in objects
belonging to each of the SOM’s? Recall that a stimulus is a stimulus precisely because it evokes a
response from the body. This involved issues of scalability. Ultimately, a standardized
representation for stimuli was developed, based upon "informational attributes”. The complex
datatypes feature of the Object Model Template was critical in developing these attributes.
Moreover, consideration of the data structures led to the classification scheme of "simple” versus
"complex” stimuli. Only simple stimuli are represented in the Stimuli SOM.

Two versions of the "Human Response to Stimuli" Federation Object Model were developed. (See
the Appendices for details.) In the first version of the FOM, the physiological details are hidden.
The second version of the FOM is essentially a union of the Stimuli SOM and the Physiological
SOM. Itis the second version which would be utilized in distance education applications. Scenarios
to accompany the FOM were developed.

1.3 Conclusion

A number of technical issues arose during the course of simulation object model and federation
object model development. These issues and the manner of their resolution are found in
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abbreviated form in the preceding summary and in detail in appropriate chapters of this report.
They are not repeated here. '

The overall conclusion is that an HLA compliant software implementation of "Human Response
to Stimuli" federation, based upon the FOM’s which were produced in this work, can now be
developed. This stimuli are restricted to the category of simple stimuli.
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Chapter 2—Methodology used in the development of the
Simulation Object Models (SOM’s): General Comments

This chapter discusses the general methodology that was utilized in the development of the
Simulation Object Models. Such a methodology was applied to both the Stimuli and Physiological
SOM’s. In brief, certain techniques from object-oriented development methodologies were utilized,
subject to constraints imposed by the requirements and restrictions of the High Level Architecture

(HLA).

The development of both SOM’s has proceeded without input, or constraints, of any specificlegacy
system. In a typical usage, the "owners" of various simulations will, when developing a Federation
Object Model, utilize the SOM to indicate the capabilities of their respective simulations. However,
the SOM developments in this project have been done prior to any software implementation. Thus,
both the Stimuli SOM and the Physiological SOM reflect the capabilities that are intended to be in
a future software simulation implementation.

21 HLA Object Model Development

A recent paper by Lutz [1997] details the HLA object model development from a process ;:)oint-
of-view. This péper had as one of its stated goals "to suggest a generic, cookbook approach to the
development of HLA object models". It is primarily assumed that the object classes are known, and
merely have to be interrogated as to publishing capabilities and then cast into the correct
framework in order to be HLA compliant. Of course, such a situation is not the case with either the
Physiological SOM or the Stimuli SOM.

With regard to simulation object development, Lutz acknowledges that "having working software
or even software design is not a prerequisite for SOM construction. In fact, completing a SOM prior
to detailed simulation design is considered advantageous. ... Since, however, a SOM is intended
to provide a specification of the current capabilities of a given simulation system, SOM’s should
not be made public until the functionality specified in the SOM has been fully instantiated. "The
paper then proceeds to discuss determination of the Publishing Capabilities for the
Object/Interaction Classes, under the unstated assumption the classes, which will be in the SOM,
have been identified. |

This is a very cogent and useful paper. It informed the process of hosting the Simulation Object
Models in the HLA compliant Object Model Template format, and offered insight into the
component structures of the Object Model Template. (We discuss this in the last sub-section of this
chapter.) However, there is a missing segment in the development of the Simulation Object Models

-7-
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from first considerations. This missing segment pertains to the exploration of the conceptual space
in which the Simulation Object Models should reside.

2.2 Conceptual Space of the Simulation Object Models

In the development of both the Stimuli SOM and the Physiological SOM, the domain in which the
simulations were to be developed had to be defined. Although the development of both Simulation
Object Models in a parallel manner without any restrictions imposed by legacy simulations, allows
one to maximize the logical inter-connections between the simulations, it also requires that initial
attention be given to the conceptual space in which the simulations will reside.

The envelope of conceptual space of the Physiological SOM is the human body and its functioning.
The focus is on the functioning of the human body as represented by (an eventual Phase II
implementation of) the Physiological SOM. The respiratory and cardiovascular systems were
chosen tobe represented in the Physiological SOM. (Other systems can be included in an extensible
manner should the need arise.) In addition, the areas of the brain which govern these systems (in
the medulla) were included. Several reasons motivated this selection. First, the basic systems of the
body are the respiratory and the cardiovascular systems. The body cannot exist for even one sixth
of an hour without oxygen, a far shorter time period than it can do without water or food.
Secondly, there are stimuli of interest whose primary effect acts on these systems d1rectly or
indirectly. Such stimuli include smoke, noxious gases, and particulates. These stimuli also exist in
the conceptual space defining war-fighter activity. Finally, commercially available mannequins,
which simulate human patient behavior, have modeled primarily these systems.

That is not to say that the Physiological SOM development is tied to any specxﬁc mannequm
hardware. Rather, the Physiological SOM was designed without restriction to any mannequin
hardware. Serious attention was given to include, in the attributes the quantities which are needed
by the mannequin. A telephone discussion was held with the chief engineer at M.E.T.L,, and key
quantities were identified. Since the mannequin will respond to inputs from clinical monitors, the
- incorporation of relevant clinical quantities, as attributes in the Physiological SOM, became vital.

The Physiological SOM goes beyond the mannequin requirements into the realm of the "virtual
patient". That is, the physiological details of the human respiratory and cardiovascular systems
have been captured in the SOM. Specific discussions of the level of resolution selected and issues
of fidelity are deferred until the chapter specifically pertaining to the Physiological SOM. For
purposes of distributed simulation and distance learning, a software implementation of the
Physiological SOM, which represents a "virtual patient” (planned for Phase II), would be quite
useful. :
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Selection of a focal point for the development of the Stimuli SOM has been guided by the
viewpoint that a stimulus is that which evokes a response in the human body. Of the universe of
possible stimuli, the focus is narrowed to those which affect the human body. It is further narrowed
to a set of stimuli which can affect the respiratory and cardiovascular systems

2.3  Simulation Object Model Limitations

Note that the SOM’s are not a software design document. All the information necessary to
construct a valid software implementation, reflecting the SOM capabilities, is not present. Missing
is the set of information on which objects utilize information published by other objects. While in
some simulations this might be deduced at first glance, this is not the case in situations where the
simulation in question models very technical systems. Also, any system whose overall behavior
is the product of interacting subsystems will likely evidencea level of complexity beyond what can
be deduced by a listing of individual object classes and objects. '

24 Object-Oriented Techniques Utilized in the Simulation Object Model Development; Subject
to HLA Restrictions : :

There exist a number of standardized approaches to developing an object-oriented representation
of a designated system. Implicit in the design of an object-oriented representation of a system is
the ultimate intent to implement the system in software, most probably using an object-oﬁented
language such as C++ or Smalltalk.

The last dozen years has seen an explosion in object-oriented analysis and design methodologies.
Various approaches have been detailed in Coad and Yourdon[1991], Coad, North, and Mayfield
[1995], Martin and Odell[1996], Rumbaugh, Blaha, Premerlani, Eddy, and Lorenzen [1991], and
Shlear and Mellor [1989]. Fowler [1997], points out that many of the object-oriented design
methods in use throughout the last decade have a large degree of commonality, although with a
number of "annoying minor differences among them". Such differences carried over into the
notation uses various systems. Notation is now on the verge of standardization via the Unified
Modeling Language (UML). This modeling language is a graphical notation which communicates
the object-oriented design. The upcoming standardization does not standardize the process to
achieve an object-oriented design. Each of the object-oriented methodologies, referenced above,
to achieve such a design for a system of interest.

A question arises as to which object-oriented design methodoldgies would be most helpful in
developing the Simulation Object Models. A follow up question arises concerning how to
communicate the ultimate design graphically (i.e., which "modeling language” to use).
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The High Level Architecture is not strictly objected oriented. In particular, multiple inheritance is
prohibited. Even more striking is the absence of methods, which are at the heart of the message
passing paradigm of object-oriented systems. In HLA, the message passing is manifested through
interactions and publish/subscribe relationships. The information needed by a particular object
is mediated by the Federate to which the object belongs (via subscription).

In view of the fact that the High Level Architecture is not isomorphic to modern object-oriented
systems, the decision was made to select a non-rigid design guide in assisting with the object
development for the SOM’s. To this end, the approach of Lee and Tepfenhart, as described in their
recent book [1997], UML and C++: A Practical Guide to Object-Oriented Development, was selected.
This work discusses in a unified, comparative manner the existing processes for the object-oriented
design of a system. The strengths and weakness of the different processes are explored. As might
be inferred, this text is non-dogmatic. While notation is clear, and graphical representations are
explained, they do not follow the UML notation. We adopt this same approach.

We end this chapter with a brief discussion of those object-oriented design techniques which we
found to be most helpful in developing the Physiological Simulation Object Model and the Stimuli
Simulation Object Model. In the next two chapters, the application of these techniques to the
subject matter domain are made more explicit, and the results of these processes are detailed.

’ ]
With regard to the identification of objects, there are several techniques that are currently
commonly practiced. These include:

¢)) using the "entities to be modeled",

) using the definitions of objects in the subject matter domain,
3) using generalizations,

4) using object decomposition, and

® using subclasses.

In the last method, the object identification step is skipped in favor of immediate class
identification. Techniques (1) through (3) were those predominantly employed to identify objects
in both Simulation Object Models which were developed. The use of generalizations also helped
to organize the class structure.

Object decomposition was found to be quite helpful in elucidating the aggregations. Aggregations
are a particular type of relationship. The Object Model Template tool recognizes the importance

- of this particular relationship type and provides for the documentation of aggregations through
the use of a "Components" table. (Other relationships between or among objects can be
documented in the Associations table of the tool.)

-10-




Chapter 2—Methodology used in the development of the Simulation Object Models (SOM’s):

General Comments Topic Number: OSD97-005

The fifth technique seemed to pre-suppose part of the organizational structure which we were
attempting to construct. It was not employed in the SOM development process.

While these techniques are the most current, Lee and Tepfenhart [1997] also document several |
traditional techniques, including:

(1) the use of Nouns to identify objects, ;

(2 interactive dialog with a domain expert in order to uncover the underlying "mental
models" operating in the domain, and ‘

3) use of the "things to be modeled". Identification of "things to be modeled" was aided
by the use of the category approach described by Shlaer and Mellor [1989], in which
incidents, roles, interactions, specifications, etc. are investigated as possible sources of
objects. All these traditional techniques were employed in the service of object
identification during the course of the SOM development. The subject matter expert,
Dr. Dale Birke, of the Department of Pharmacology and Toxicology at the West Virginia
University Medical School also assisted in object identification.

The behavior of the system(s) represented by the Physiological SOM must also be elucidated. The
issue of how this behavior is 'represented within the format of the HLA is postponed until the
chapter on the Physiological Simulation Object Model. There are several techniques used in ?bject-
oriented analysis which help uncover and represent the static behavior of the system. Moreover,
an investigation into the behavior of the system provides feedback as to the appropriateness of the
objects which were identified.

The identification of "services" is as important as the specification of the objects in object oriented
design. However, there are no services per se in the High Level Architecture specification. Rather,
the HLA has a set of interactions in addition to the publish/subscribe capabilities of objects. -
Parameters can be associated with the interactions. This maps to the "signature” of a service in
object-oriented design. In object-oriented design, the services provide the description of the static
behavior.

Although services are not part of the HLA, there is still a need to identify the static behavior of the
physiological systems and the stimuli. This identification is done via an eventlist. The internal and
external events to which the physiological system is required to respond are listed. Internal events
in the physiological system would be those which are specified, in the HLA manner, within the
Physiological SOM. An external event which affects the physiological systems could be generated
from some stimulus. Such external events would be documented in the Physiological System-
Stimuli Federation Object Model (FOM). Of course, this list can always be extended; in a sense this
is an open-ended task. The process of listing such events proves extremely useful in focusing the
practical scope of the Simulation Object Models.
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Associated with the event list is the Event Trace Diagram (named a Sequence Diagram in UML).
In such a diagram, the events happen between objects, with time continuing to advance. Thus, -
activities within the system are described as events taking place in time, initiated by an object,
directed towards a recipient object, which may in turn become an initiating object. These events
serve to map out scenarios for the system, thus illustrating and describing system behavior.

2.5 Object Model Template Component Considerations

The first stage in "filling out" the object model template for a simulation object model requires the
object classes and the interaction classes. The determination of this information is the subject matter
of Chapters 3 and 4. However, if we assume that we have determined such classes, we can make
certain general statements involving publication and subscription. Note that the Object Model
Template is the "standard presentation format and content for both the FOM and SOM’s" [Lutz,
19971.

Publication and subscription services constitute the heart of the HLA simulation communication
architecture. Within a Simulation Object Model, the publication of attributes of an object is
intended to clarify the modeling capabilities supported by the simulation and connected with the
object class. Moreover, the interactions within a simulation elucidate the intra-simulation
communication among the objects. This intra-simulation communication is an indicator of the
capabilities of the application level simulation modeling. Even though the attributes of ob]ects are
to be published, it is the object class which is designated publishable according to the HLA rules.

Let us consider the situation within the Physiological SOM. The interactions in that SOM are of no
interest to the Stimuli SOM, since the stimuli are unaffected by a recipient body. Why should they
be specified within the HLA framework? Again, it is necessary to consider the conceptual space
in which the Physiological SOM is being developed. For example, it may be the case that the
Physiological SOM, will at some point later in time be utilized in a Medical Training Federation
which may be distributed. Consider a student or trainee learning respiratory technology. The role
of the Physiological Federate could be to provide a "virtual patient" with cardio-pulmonary
capabilities. The student/trainee could interact with the "virtual patient” simulation via a
"Student/Trainee Federate” which allows the student access to the virtual patient. . -

Such a Medical Training Federation would be dual-use (DoD and non-DoD), and could be a
product involving distributed training. From a cost and resource standpoint, such a Medical
Training Federation would be very attractive. In order for a Medical Training Federation to know
the modeling capabilities (functionality) of the "virtual patient”, the interactions and
publish/subscribe (object class) information must be present in the Physiological SOM.
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The Simulation Object Model should also indicate the types of data that it must import or would
be able to use (reflect) if it did import from other simulations. For example, the present
Physiological SOM effort does notinclude detailed internal kidney function capabilities. In a future
Medical Training Federation, the internal kidney functionality might be provided by a specialized
Kidney Federate. The Virtual Patient Federate could then import and reflect certain key attributes
connected with the Virtual Patient’s lumped kidney tissue, which were calculated by the Kidney
Federate. The "Student Trainee Federate" would then be the third member in the Medical Training
Federation, but might not interact directly with the Kidney Federate.

The object class attributes, the parameters in the interactions, and the interactions that convey the

capabilities of a simulation via its SOM. The chapters on Physiological SOM and Stimuli SOM
development discuss such quantities in detail.

An additional feature provided by the Extensions to the Object Model Template is the Associations

. Table. In the Physiological SOM in particular, the Associations Table allows one to capture

information on "co-operative" physiological features. One of the limitations of the Object Model
Template is the lack of specificity as to where subscription information will be utilized; i.e., what
objects will use what information to update which attributes? We attempt to convey this
information, in a general manner, via the Associations Table.

The development of the Object Model Template to convey the Physiological SOM, Stimuli SOM,
and FOM information was greatly facilitated by the use of the OMT Tool; see Lutz et al [1996).
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Chapter 3—Development of the Physiological Simulation
Object Model

The goal of this chapter is to populate the Physiological Simulation Object Model (SOM). As this
is being done prior to any implementation in software rather than afterwards, as would be the case
with a legacy code, the question of the cconceptual space of the Physiological SOM is crucial. Once
this is decided upon, object-oriented techniques canbe utilized to aid in the identification of objects
and events. The objects and objects classes will map into the HLA format i.e., the Object Model
Template, as long as multiple inheritance is not permitted. The physiological events help structure
the interactions according to the HLA format. The Object Model Development Tool is utilized to
prepare the Simulation Object Model. This allows the SOM information to be captured in a
standardized set of tables, moreover, the tool provides certain consistency checking features that
would not be provided in, for example, a standard spreadsheet environment.

3.1 Conceptual Space of Physiological SOM

As was discussed in Chapter 2, the boundaries of the conceptual space of the Physiological SOM
narrow the range of objects, services, and activities of the system which must be captured. The
Physiological SOM conceptual space is narrowed to the respiratory and cardiovascular systems.
The parts of the medulla, involved in regulating these systems, are included. Also included are the
transmission fibers (nerves) that conduct signals from the system components to the regulatory

centers in the brain.

The wealth and variety of physiological behavior makes it a necessity to limit the scope of the SOM
conceptual space. Our decision to limit the scope to the respiratory and cardiovascular systems is
based on their key involvement in the intake and distribution of oxygen, which is essential to the
life of the physiological system. Without these systems there can be no simulation of any
physiological activity. Note that the basic systems of the human patient simulators (mannequins),
offered by both M.E.TI. and Eagle Simulation, include the respiratory and cardiovascular svstems.

With regard to the relevance of these systems to the ultimate goal of modeling the human response
to stimuli, it is noted that many stimuli target the respiratory system. From a military applications
viewpoint, certain stimuli found in battlefield conditions, such as smoke, particulate matter,
various gases, and toxic vapor clouds, target the respiratory system. From a dual-use perspective,
various applications such as anesthesiology involve stimuli which involve the respiratory system.

There will be no difficulty populating a Simulation Object Model with stimuli that affect the ;
functioning of the human respiratory system. '
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3.2 Clinical Focus and Level of Resolution

Even with the focus of the Physiological SOM narrowed to incorporate only the cardiovascular and
respiratory systems, along with related functionality in the brain/nervous systern there are still
decisions to be made regarding the approach and the level of resolution.

A functional approach, based on physiology, was adopted for the modeling. This is in contrast to
a strictly anatomical approach which would have involved a listing of the anatomical features of
the cardiovascular and respiratory systems. The physiological approach highlights the behavior
of the body systems. With the behavior comes the need for measurements of physiological
performance. This brings in the notion of "clinical” quantities: those quantities which are
measurable and are useful for describing the state of a patient. It is also noted that clinical
quantities are used in the simulation of breathing, etc., by the hardware mannequins.

The choice of a physiological/functional approach assists in resolving other the issues involved
in modeling the respiratory and cardiovascular systems. In particular, the issue of the appropriate
modeling level of resolution must be determined. '

If a strictly anatomical view-point held sway, then the lowest level of instantiated object would be
at the cellular level. The focus on the cardiovascular—respiratory systems in this effort would
require that blood cells be instantiated; since delivery of oxygen to the body organs and tissues
would be accomplished via blood circulation, with the appropriate gas exchange mechanisms
occurring. Let us investigate the ramifications that a decision to adopt the stricﬂy anatomical
view-point and model at the lowest anatomical level involved in the physiological functioning
would have on the modeling effort. ' '

Blood cells are examples of connective tissues, in which the cells are embedded in an extra-cellular
matrix. In the case of blood cells, this Surrounding matrix is fluid. There are several types of cells
found in this matrix. One specific type, the erythrocyte, transports oxygen. Erythrocytes are
biconcave disks, lacking a cell nucleus, which are 7-8 microns in diameter. A figure of merit for the -
number of erythrocytes contained in the adult circulatory system is 25 trillion. Moreover, the life
cycle of these cells involves the destruction of approximately 2.5 million old cells per second, and
the creation of an equal number of new cells. Even if the erythrocytes were considered to be in
steady state, there are still far too many single cells to instantiate as objects. This level of resolution
is not workable.

Information on oxygen and carbon dioxide transport is needed in order to model the functioning
of the human respiratory and cardiovascular systems. The goal of the modeling effort is to simulate
the physiological functioning rather than to capture the lowest levels of biological detail. This goal
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can be realized with a level of resolution that is at the tissue group level. The tissue groups will
have their respective oxygen demands and will output their respective amounts of waste gas
(carbon dioxide) which must be accounted for in the physiological modeling. Moreover, the figures
of merit for tissue oxygen usage and waste gas production are clinical quantities which involves
a certain amount of lumping together of some anatomicélly distinct tissues. A

The object set and the classes developed for the Physiological SOM reflect the decision to adopt a
functional viewpoint and to model at the tissue level of organization. In addition, the object classes
include certain elements which are functional representations rather than anatomical structures.

3.3 Object Identification and Class Structure

The identification of objects and the development of the class structure for the Physiological SOM
did not proceed in isolation from the scenario development described by the Event Trace Diagrams
(in subsection 3.5). However, the starting point for the object identification was a consideration of
anatomical structures subject to the constraint of a functional representation. The objects which
proceed from such considerations is the focal point of this subsection.

Any development of the objects and class structure that is acceptable for the SOM is non-unique.
Therefore, the content of this subsection includes the motivation behind the selections as well as
a presentation of the objects and class structure themselves. For a complete listing of the tables in
the Physiological SOM, see Appendix A.

The methodology adopted in initiating this effort was: (1) engage the subject matter expert (SME)
in a discussion regarding the requirements, (2) to follow up independently on the subject matter
utilizing several functionally oriented references, and (3) to re-engage the subject matter expert,
posing questions that originate from the first report of the SME and also from independent
investigations. This cycle was in use throughout the life of the Physiological SOM development,

and culminated with a review of the entire completed SOM by the subject matter expert. The final

review focused upon the completeness of the objects, attribute set, interactions, and parameters in
describing the physiological activities of the cardio-respiratory system in the presence of selected
stimuli. ' '

Functionally oriented references included an undergraduate, college level anatomy and physiology
text [Seeley et al, 1992], an anatomy text used in medical schools [Agur, and Lee, 1991}, and two
monographs which involved mathematical fluid mechanics and engineering perspectives on the
circulatory and respiratory systems [Rubinow, 1973; Lighthill, 1975].
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A perusal of the Physiological SOM (Appendix A) reveals that there is depth to the class structure.
A depth of 3 to 4 is not uncommon. The base classes are given by the following table, Table L

Table I. Base Class Structure: Physiological SOM

OrganicDuctwork '

Organs

OrganicRCPTRS

TissueGroups

Cavities

Chambers

Valves

LumpedZones

Human

MedullaReceiveComputeSend

CardiovascularSystem

RespiratorySystem

BodyEnvironMatrix '

An excerpt of the subclass structure of the Physiological SOM is presented in Table II.

Table II. Excerpt of sub-class structure in the Physiological SOM.
Class 1 indicates the Base class.

Organs Heart {PS)
Lungs (PS) _
OrganicRCPTRS ChemoReceptor : - CO2Sensor
| PHSensor
O2Sensor
BaroReceptor . BAROAorticArch (PS)
BAROCarotidSinus (PS)
IritantSensor AveolarrritantSensor (PS)
- ‘ BronchiolelrritantSensor (PS)
LarynxirritantSensor (PS)
TrachealrritantSensor (PS)
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TissueGroups UpperlimbTissue (PS)

HeadNeckSpineTissue (PS)

LowerlimbTissue (PS)

InfilliacViscNPariefTissue (PS)

AbdomVisceraTissue (PS)

KidneyTissue (PS)

HeartTissue (PS)

EsophagusTissue (PS)

LungTissue (PS)

Respiratory Muscles Abdominal (PS)

Externallntercostals (PS)

Internalntercostals (PS)

Diaphragm (PS)

Cavities NasalCavity (PS)

ThoracicCavity (PS)

The object base classes can be logically divided into several categories. Rather than state what these
are at the outset, the nature of the base classes will be considered after their respective
development has been discussed in detail.

One of the object-oriented analysis techniques that proved quite fruitful in the task of identifying
objects was generalization. Several object base classes provide a basic mechanical function. Such
base classes are a mechanical engineering viewpoint of the body components which are needed
to provide the functionality for the respiratory-cardiovascular systems. One example is the
"Organic Ductwork” base class, which has the sub-classes of: (1) respiratory ductwork, (2)
cardiovascular ductwork, and (3) nervous ductwork. In a similar vein, the base classes of chambers,
valves, and cavities, and oi'ga'nic receptors (sensors) are generalizations from a functional,
mechanical engineering viewpoint of the necessary component objects involved in
cardio-respiratory functions.

The issue of resolution impacts the development of these "mechanical” base classes. How deep
should the subclass structure be? How wide should a given subclass level be? Take the case of the
subclass "Cardiovascular Ductwork” (Class 2 in the OMT specification) . Proceeding to the next
subclass level (Class 3 ), we find "Artery in Body", "Aorta”, and "Vein in Body". What is not listed
is the subclass "Capillary”, which is below the level of resolution selected. The specific arteries,
aorta subclasses, and veins that appear in Class 4 are the major conduits for conveying the "blood
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constituents”, through the body, from the heart to the recipient tissue groups, returning for
re-oxygenation, and then re-circulated. Through a proper choice of attributes, the circulatory
system’s involvement in the respiratory process can be captured. The details of oxygen usage by
the tissue groups is done in a "lumped manner" which will be discussed later in this subsection.

Although the "Organic RCPTRS" object base class was defined, and its subclasses structured using
the mechanical eﬂgineering generalization, the existence of the corresponding anatomical entities
and their role in the respiratory process became known via the objects which take place in the event
(or scenario) of normal breathing.

The base classes which map most closely to recognizable anatomical features are Tissue Groups
and Organs. The respective subclasses of these base classes include only the objects which play a
role in the respiratory and associated cardiovascular processes. For example, the subclasses of the
Organ base class include Heart and Lung. '

The identification of the Tissue Groups and Organ object base classes was done via a consideration
of the anatomical objects, i.e., through a consideration of the "entities to be modeled ", the objects
themselves. Development of the object subclasses came about by restricting object membership to
those having a role in respiration. The oxygen usage by the subclass members of the Tissue Groups
that would be instantiated (e.g., Heart Tissue, Lung Tissue, etc.) is done in a lumped manner via
a selection of the attributes. It is the attributes which really delineate the functionality that is
present. This will be discussed further in the next subsection.

The "Lumped Zones" base class represents those classes which involve some sort of merging or
"lumping" of various anatomical features and physiological processes for the purpose of
calculation. The results of this calculation may yield a clinical quantity rather than an in vivo
physiological quantity. In the Physiological SOM, there are two subclasses of this base class, both
of which pertain to the respiratory system. These are the Conducting Zone (of the lung) and the
Respiratory Zone (of the lung). These subclasses are an idealization of the features and processes
found in the lung and its associated airway passages. This idealization originated in a medical and
clinical context, given impetus by the need to perform calculations which could then be related to
measurable quantities which themselves would give an indication of the health and proper
functioning of an individual. Thus, the Lumped Zone object class identification proceeded from
knowledge of how the domain was organized by medical experts. (This information was provided
by the medical consultant. )

Consider the Respiratory Zone subclass. It is the idealized regibn in which the gas exchange
mechanism necessary for re-oxygenation of the blood takes place. From a strictly anatomical
viewpoint, the gas exchange occurs acrossa respiratory membrane, which is composed of sixlayers
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found in the bronchioles, aveolar ducts, and aveoli. There aré_approxirnately 300 million of the
respiratory membrane unit. It is not feasible to instantiate 300 million respiratory membranes,
calculate the physical diffusion processes across each of the membranes, and then connect the
membranes via a capillary network. Note that the aveoli, aveolar ducts, and capillaries are below
the level of resolution determined for this effort. Moreover, it is not necessary to descend to this
level of anatomical and physical process resolution when the quantities of interest are at a more
macroscopic level. Thus, attributes such as an average membrane thickness and a total membrane
surface area, are used in the calculation of the gas exchange process.

The object identification process revealed more than one appropriate base class from which lung
functionality. Thereis a "Lung" subclass of the Organ base class which essentially models the lung
anatomical features as théy pertain to the proceSs of breathing, as well as the clinical quantities
associated with the lung organ in the process of breathing. Attributes of this subclass include
anatomical quantities such as lung compliance. Also included as attributes in this subclass are lung
volume, internal lung pressure, etc. The more overtly clinical quantities include inspiratory reserve
volume, lung capacity, etc. For example, lung capacity is measured with a spirometer, and the
resulting value is used clinically. This is in contrast to the attributes of the Lung Respiratory Zone
which are necessary to calculate quantities associated with the physical process of diffusion in the
physiological process of re-oxygenation.
. H
The category approach of Shlear and Mellor, which considered interactions, was also useful in the
object identification process. Analysis of the interactions necessary for normal respiration captured
the Lung Tissue subclass of the Tissue Groups base class. In a similar manner, a consideration of
the Heart function in the context of normal respiration yi¢lded a number of important objects in
the subclasses. Also note the subclass of "Heart Tissue” derived from the Tissue Groups base class.
Areview of the circulatory cycle in the re-oxygenation process led to the development of the "Heart
Chamber"” and "Heart Valves” subclasses.

The "Epiglottis” base class is somewhat unique; it was identified from the Event Trace Diagrams
as a missing object. '

The base classes of "Respiratory System" and "Cardiovascular System" were included in order to
make explicit the functionality inherent in the Physiological SOM, and to allow other potential
SOM'’s to view these as base classes in potential interactions, etc. The intended functionality of
these two base classes is communicated by their structure; it is the "Components” section of these
objects (see the OMT structure) which are richly filled-out.

The "Human" base class was included so that certain characteristics, which have some impact on
the respiratory system but which are not truly related to the other objects, can be included.
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Although there are no subclasses, such characteristics are included via the attributes of this base
class.

The "Medulla Receive Compute Send" base class contains the regulatory structure of the medulla
which controls the behavior and integration of the respiratory and cardiovascular systems. The
subclasses delineate the various control centers which have been functionally identified
(physiologically). It is noted that, anatomically, a control center might be a number of cells
co-located in a region of the medulla oblongata.

The final object base class of the Physiology SOM is the "BodyEnvironMatrix". This is the class
which will interact with the stimuli. Any initial processing of the stimuli by the body will occur in
the software implementation of this base class. The scalable approach, which was adopted, is the »
body (software implementation of the Physiological SOM) is responsible for calculating and
updating its state after receipt of the stimuli. The stimuli can not know exactly what state the body
is in; they cannot know precisely what its effect will be at precisely what time. For example, if the body
is wearing protective gear when a vapor cloud is the stimulus, thebody response might notinvolve
any damage to the lungs, etc. However, a stimulus does package detailed information as to the
nominal parameters of the interaction. This is part of the crux of the Stimuli SOM development,
and is discussed in Chapter 4.

3

3.4 Attributes

Attributes, associated with objects, best serve to delineate the capabilities of the model within the
context of the OMT. The semantics of the attribute are conveyed via the lexicon. In order to fully
characterize an attribute, additional characteristics beyond the name, object class identification, and
lexicon, are mandatory. These include a listing of the datatype, cardinality, units, resolution,
accuracy, accuracy condition, update type, update rate/condition, whether the attribute is
transferable or acceptable, and whether it is updateable/reflectable.

This section contains a presentation of attributes of several of the objects which constitute the
Physiological SOM. Note that use has been made of inheritance wherever possible. Rather than
exhaustively list all of the attributes (and definitions) which constitute the Physiological SOM, the
discussion will focus upon the usage and relationship of attributes in the different object classes,
and their role in the modeling. ‘

An excerpt of the attributes list in the Physiological SOM is given in Table IIL.
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Table IIL. Excerpt of the Attributes List in the Physiological SOM. Only the attribute names are
listed.

Hearf HeartRate

StrokeVolume

CardiacOutput

PeripheralResistanceTotal

ForceOfContraction

BloodPressure

IrritantSensor Location
Status

TissueGroups - | MetabolicRate
pCO2Waste
pO2Demand

PeripheralResistance

O2ExtractionCoefficient

PercentCardiacOutput

pO2ofTissueGrp

Human HemoglobinBindingPercent

Age

Weight

Temperature

HumanState

ShuntFactor

ArteryinBody pO2In

FlowRate

Diameter

pCO2In -

Aorta pCO2In

pCO2In P

FlowRate

Diameter
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The Heart object is concerned with the pumping of blood; the attributes associated with this object
include the Cardiac Output, Stroke Volume, and Blood Pressure. These attributes are all connected
with the continuous pumping of blood through the circulatory system. Additional atiributes
associated with the Heart are those which enable the calculation of these key quantities.

Similarly, the Lung Object is concerned with the volume of air (gas) inhaled (or exhalm) Key
attributes include the respiratory rate, lung volume, and lung capacity. Other attributes, such as
internal lung pressure, are utilized in calculations. The key attributes for both the Heart and Lung
objects involve many of the clinical quantities. Note that in the Lung Object, the respiratory rate
is a calculated, rather than an imposed, value.

The question might arise as to how the circulatory system might function to deliver blood that has
been oxygenated, and to collect blood for re-oxygenation when there is not a "blood" object. The
answer lies in the attributes of the "Artery in Body", " Aorta", "Vein in Body", and "Tissue Groups”.
It is the conveyance of oxygen through the body to be used by the tissue groups, and the
conveyance of carbon dioxide away from the tissue groups as waste which is of interest in the
modeling. A virtual conduit has been set up through the existing object class structure involving
the arteries, veins, and tissue groups. It is via the attributes that a virtual flow network is
maintained. In support of this modeling, the "Artery in Body" and the "Aorta” classes ha\ e the
attributes pO2In, pCO2In, flow rate, and diameter. It is the partial pressure of oxygen (pOZIn)
which indicates the oxygen that is being delivered through the conduit. (There is also a certain
amount of CO2 always present.) In the "Veins in Body" object class, the attributes are pO2Out,
pCO2out, flow rate, and diameter. That is, after the arteries have delivered the oxygen to the tissue
groups, each tissue group has used a certain amount of what is available, and has passed along a
certain amount of waste product in the form of a pCO2out. The "Tissue Groups"” object include a
metabolic rate, a pO2Demand, and a percent cardiac output which serve to describe the oxyvgen
demand. The extraction coefficient is related to how much oxygen delivered by the artery diffuses
through to the tissue. The peripheral resistance serves as a measure of efficiency. Ideally, the pO2
of the tissue would be maintained at its necessary level. If the metabolic rate increases, the
pO2Demand increases, and the pO2 level of the tissue group drops before the card1ovascular and
respiratory systems can make adjustments.

Information as to what arteries (veins) feed (drain) which tissue groups is located in'the
Associations Table of the OMT. This information is crucial to the actual implementation of the
virtual patient/combatant/stimuli recipient. Also included in the Associations Table is a linkage
between the nerves and tissue groups; i.e., specific nerves serve to relay information about the state
of the tissue groups from the tissue group to the medulla regulatory centers regarding tissue
distress. Specific nerves are instantiated as members of the subclass of Nervous Ductwork.
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The regulatory centers in the medulla can act to remediate the tissue distress situation via artery
constriction and dilation. Note that flow rate and diameter are two additional attributes of the
"Artery in Body", "Aorta", and "Vein in Body" object classes. Moreover, the specificatior: of the
attributes at this class level allows for inheritance of these attributes by a specificinstantiated artery
or vein, thus simplifying the OMT tables and presentation. -

One of the key attributes is the blood pressure, which is owned by the Heart. This is a relection
of the importance of blood pressure in maintaining homeostatis in the human bocy. The
Physiological SOM must capture this cardio-respiratory interaction, including existence of warning
sensors. This was done via the "Organic Receptor" object class. It is the subclasses of this object
class, together with their attributes, which are central in helping to maintain the effective
functioning of the cardio-respiratory systems. Note the attributes "BPChange" and "DirectionBP
Change" in the barotropic (pressure) sensors located in the aortic arch and near the carotid sinus.
These are instantiated as objects "BAROAorticArch” and "BAROCarotidSinus”. Also, there are
chemical sensors in the body, including oxygen sensors near the same locations as the pressure
sensors. (Physically, these sensors are specialized cells.) The oxygen sensors (CarotO2Recpt and
AorticO2Recpt) have pO2 as an attribute. Other attributes of the sensor are concerned with their
"status" (functioning or not), and the reporting of their "location”, which is fixed.

The respiratory system is concerned with the intake of oxygen, the expulsion of carbon dioxide,
and the re-oxygenation of the "blood" that is "carried" by the circulatory system. In addition, there
are muscles of respiration which enter into the breathing sequence, along with control centers in
the medulla, and the connection between certain nerves and respiratory system components. In
the Physiological SOM, it is the respiratory system activities and interactions which primarily
respond to the stimuli. The cardiovascular system enters because it is coupled in physiologically.

Therefore, it is expected the modeling of the respiratory system would be very detailed, and this
is indeed the case. A discussion of the attributes in this subsection and the presentation of the
objects in the previous subsection do not convey the depth of interaction for the respiratory system
as well as they do for the cardiovascular system. For the complete picture, a detailed presentation
of the interactions must also be performed. This will be done later in this chapter.

The attributes of the "Lung” object reflect its role as the major organ of respiration in the body. In
the modeling effort, the behavior of the lungs (how inflated, what the respiratory rate is, etc.)
comes about as a result of the dynamics. For example, there is not an imposition of a respiratory
rate. Rather, this quantity should be calculated from the number of inhalations and exhalations that
occur. This number should be different for normal breathing, for breathing under an imposed
metabolic load (which could reflect exertion), and breathing in the presence of selected stimuli. The
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requirements of the lung tissue, regarding its oxygen intake and carbon dioxide rejection, are
modeled by the attributes of the "Lung Tissue" object , which is a "Tissue Group" object subclass.

Additional "Tissue Group" subclass objects are needed for their direct role in respiration. These are
the "muscles of respiration”, which include the "diaphragm, external intercostals, internal
intercostals, and the abdominal" subclass (level 3) objects. The attribute which distinguishes them
from other "Tissue Group" subclass objects is that of "contraction level". The contraction and
relaxation of these muscles produces the volume change of the thoracic cavity, which is responsible
for air movement in and out of the lungs. Note that the "Thoracic Cavity" object, which is a subclass
of the "Cavities" object, has a volume as one of its attributes. '

Gas exchange is necessary for re-oxygenation, which is expressed in the Physiological SOM as new
values of pO2 and pCO2. This exchange is captured in the "Lung Respiratory Zone" subclass object
through such attributes as "pO2staleBlood, pO2newBlood, pO2InspiredAir", etc. The anatomy of
membrane size is captured through the "Membrane Surface Area" attribute. Both the "Membrane
Thickness" and the "Aveolar Ventilation Rate" are attributes that capture the quality of the
respiratory system in the gas exchange process. A thicker membrane implies more difﬁculty for
the diffusion process, and thus less efficiency in the gas exchange mechanism. The effective
membrane thickness increases when additional mucus is present. Certain stimuli affect the
effective membrane thickness. | ’

The attribute(s) of the respiratory ductwork sub-classes is simple, consisting of the "diameter”.
These subclasses include the Pharynx, Larynx, Trachea, and Bronchia. These can play arolein the
calculation of the "Overall Airway Resistance”, which is an attribute of the subclass "Lung
Conducting Zone". A calculation of the "Overall Airway Resistance” would impact how much air
was available from the inhalation. However, these subclasses are connected anatomically with
another subclass, that of the "Irritant Sensors". The "Irritant Sensors" are cells which response to the
presence of irritation due, for example, to particulate matter. They are found in areas of the
respiratory system. The relationship between a specific subclass of the "Irritant Sensor” and its
physical location within the respiratory system is given by the "Location” attribute of the specific
(irritant-type) sensor, inherited from its parent class ("Irritant Sensor”). The Associations Table
presents the relationship.

The attribute "status” appears in several of the (sub)classes. Its meaning is "On/Off" or
"Open/Closed" or "Active/Quiescent". For example, the class "Epiglottis”, which plays a role in
coughing, can be open or closed. In contrast, this same attribute for an Irritant Sensor subclass
would indicate whether or not the sensor was functioning properly. The precise semantics of
"status” varies with the class context.
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In what is a departure from the attributes of other classes (or subclasses), the attributes of the "Body
Environ Matrix" pertain to the surrounding environment and act as an interface between the
external stimuli and the virtual patient. These include attributes such as "external temp", "air
components”, etc. The attribute of "Body Affectors” is of unlimited cardinality, and one of the
means of interfacing between the stimuli and the physiological subsystems. A discussion of the
stimuli in the chapter on the Stimuli SOM will help elucidate this.

3.5 Event Trace Diagrams

An elucidation of events that occur in the human body in response to the introduction of stimuli,
or as part of a nominal state, greatly aids in the identification of objects that will be utilized in the
physiological simulation object model (SOM). A to0l to represent such events is the Event Trace
Diagram.

The event trace diagram is a representation of (segments of) scenarios. Examples of such scenarios
include the sequence of respiratory system events which produce normal breathing, those which
produce a "cough”, etc. The scope of a scenario may be broad or it may be more limited in scope.

Consider the scenario in which a decrease in heart rate results from the actions taken by the
cardioregulatory system in the medulla. Following a detection of the blood pressure rise by the
carotid baroreceptor, the associated glossopharyneal nerve transmits this information to the
cardioregulatory center. After any algorithmic calculations are performed, the vagus nerve is
employed by this regulatory system to transmit information to the heart to decrease ts "heart rate".

Event A is a stimulus from the Carotid Baroreceptor to the Glossopharyngeal Nerve noting that
Blood Pressure has increased. Event B is a transmittal from that nerve to the Cardioregulatory
center in the medulla that carries the message of increased blood pressure. After algorithmic
activity, the center implements its decision in Event C by calling upon the Vagus Nerve to transmit
a message to the Heart to decrease its "heart rate”. The Heart is the final object in the event
sequence, and it receives the message from the Vagus nerve in Event D. '

Note that the events occur as time is increasing. Also, note that the events are anchored by objects.
That is, an object initiates the scenario. All of the individual steps that lead up to the conclusion of
the scenario are initiated by objects. Also, objects are the recipients of all the intermediate events.

In the context of HLA, some of these events are implemented as "Publishing” and some are
implemented as "Interacting”. In general, the implementation should utilizea " publish/subscribe”
mode of communication if the activity is of a more continuous nature.
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Figure 2. Event Trace Diagram for: “Blood Pressure Increase to Decrease in Heart Rate”

Construction of event trace diagrams is an object-oriented technique which aids in the
identification of objects. However, these diagrams have proven useful in organizing the expert
knowledge obtained from the medical consultant. Several more event trace diagrams will be
presented in this section in order to illustrate the usage of the physiological objects and the nature
of their standard activities. Of course, for a more complete view, this section should be taken in
conjunction with the Interactions subsection of this chapter, the section in Chapter 5 involving the
scenarios, and the object model tables themselves.

Prior to the " Low Oxygen Levels from the Carotid Oxygen Sensor" event delineated on the next
page, the carotid oxygen sensor object senses that pO2 is "low". It publishes this situation. The
glossopharyngeal nerve is "listening to " the carotid oxygen sensor, and sends this information to
the medulla cardio regulatory object. This is Event A. The cardio regulatory object takes action
upon obtaining this message, but the action that it takes depends upon the results of calculations
in conjunction with other information it has received. One of two possible messages are
transmitted in Event B. Notice that the recipient object, the Vagus Nerve, receives both messages.
The Heart object is the recipient of the transmitted message (interaction) from the Vagus nerve
object. This transmission is Event C. The Heart object is told to either increase or decrease the heart
rate (an attribute), depending upon which message was transmitted: '
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Figure 3. Event Trace Diagram for: “Low Oxygen Levels from Carotid 02 Sensor”

In the next event, termed the "Response to Irritant” event, the "Bronchiole Irritant Sensor” is alerted
to the presence of an irritant. Such an irritant could arise from particulate matter in a particle cloud
associated with battlefield smoke. The local response of the irritant sensor is given in this event
trace diagram. Physiologically, this local response is a histamine release. This has the effect of
constricting the air passageways in the bronchia. This activity is what is modeled in the above
diagram. Event A is a "constrict bronchia" message. This is incorporated into the Object Model
Template as an interaction. ‘

The presence of an irritant in the bronchia region causes other events in addition to the local release
of histamine. It also induces the "Cough Sequence”. This sequence of events involves respiration
regulatory centers in the medulla, as well as muscles of respiration, lungs, epiglottis, and the nerves
involved in transmission. A segment of the "Cough Sequence” is presented in the next figure. This
is only a partial sequence. The entire sequence is discussed in the Interactions subsection.
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Figure 4. Event Trace Diagram for: “Response to Irritant”
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Figure 5. Event Trace Diagram for: “Segment of a Cough Sequence”
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In this segment of the "Cough Sequence”, the Pneumotaxic Integration Center object, which is one
of the subclasses of the respiratory regulatory center objects in the medulla, has already been
informed of the presence of an irritant. In Event A, it contacts the Inspiratory Center object with
a message to initiate an "inhale”. This initiation commences (Event B) with the Inspiratory Center
object telling the Phrenic Nerve object to transmit a message. The Phrenic Nerve object sends the
Diaphragm object a message to contract. -

3.6 Interactions

The interactions which are modeled in the Physiological SOM are actions internal to the body,
involving objects that are parf of the respiratory or cardiovascular systems or their respective
regulatory centers in the medulla. Some of these interactions can occur in response to an external
event (stimulus). Many of these interactions are part of the cascade of events starting from the
introduction of a stimulus. As such, they involve a modification to the attribute values associated

with the physiological objects.

An excerpt of the Interactions structure of the Physiological SOM is given in Table IV.

Table IV. Excerpt of the Interactions List in the Physiological SOM

~ 3

Interaction Structure Initiating Object Receiving Object/Area Interaction Init/
Parameters Sense/
Class Affected Class Affected React
Attributes Attributes
TissDistrssc Lower Limb ﬁssue Metabolic Rate Symp ExtilliacNV None p020fTissGep R
p02 of Tissue Grp - pC0ZofTiss 6rp
(02 Waste which Problem
TissDistressa UpperLimbTissue MetobolicRate SympSubclovianNV None p020fTissGrp R
p020fTissueGrp whichProblem
pC02Waste pC020fTissGrp .
DecreaseHeartStrok VogusNV None Heart StrokeVolume Amount R
IncreaseHeartStioke SympatheticCardioc | None Heart StiokeVolume Amount IR
HeotRoteTrans ParasymHeartRate MedulloCardioReg BPHearSysMonitor VogusNV None Amount IR
InceaseHeatRate MedulloCardioReg BPHeartSysMonitor Sympatheticardioc Nane Amount R
DecreaseHeartRate MedulloCardioReg BPHeartSysMonifor ~ | VogusNY None Amount IR
ReloxTransA InspitatoryCenter None PhrenicNV None Amount IR
ReloxTransB ExpicatoryCenter None AbdominalNV None Amount R
IntercostalNV
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ContractTransA InspiratoryCenter None IntercoastalNV None Amount R
PhrenichV
ContractTransB Expiratory Center None AbdominalNV None Amount IR
IntercostalNV
Relax RelaxAbdominals AbdominalNV None Abdominaf ConhoctionLevel Amount IR
Relovinternalinterco | IntercostalNV None Intemullntercosruls’ ContractionLevel Amount IR
RelaxExternallnterco | IntercostalNV None Evtemnallntercostals ContractionLeve! Amount R
RelaxDiaphragm PhrenicV None Diaphragm ContractionLeve! Amount iR
Contract ContractDiaphragm PhrenichV None Diaphragm - ContractionLevel Amount iR
Contractinternalinter { IntercostalHV None Internalntercostals Contractionlevel Amount R
ContractExtemalinte | IntercostalNV None ExternalIntercostals Contractionlevel Amount R

The strategy of this section is to discuss the interactions within the context of what event, or set of
events, might have caused such interactions to occur. This section forms a bridge between the
objects of the Physiological SOM and the scenarios in which the Physiological SOM will participate
as one of the federates of the "Human Response” to Stimuli Federation. (See Chapters 5 and 6.) The
tactic is to discuss first the interactions which are more limited in scope, and which could ogcur in
a variety of circumstances. This will be followed by a discussion of interactions which occur
sequentially, involving numerous objects. It is interesting to note that in the HLA, there is no
provision made for bundling a set of interactions which constitute some larger event. For example,
the "Cough Sequence", which could occur as a result of particulate irritants in battlefield smoke,
does not exist as such within the Object Model Template. Rather, what exists is the list of separate
interactions together with any publish/subscribe relationships which must be in place. That is,
with regard to the HLA, the "Cough Sequence” is a virtual interaction. Within the OMT, there is
no natural way to identify such an interaction.

Proceeding with the discussion of the interactions, consider those interactions which have the term
"Trans" as part of the interaction name. Such interactions indicate "transmission” and involve a
particular nerve as either the initiating or receiving object. It is noted the nerves serve to carry
information from a physiological object to one of the regulatory centers in the medulla, and
vice-versa.

The "Tissue Distress” interaction is a base interaction class whose subclasses are distress
interactions originating from each of the tissue group objects. The type.of distress is indicated
through the parameters, which includes excess carbon dioxide or inadequate oxygen levels. The
recipient object of these interactions is the appropriate sympathetic nerve (which serves the
particular tissue group). In the OMT, such partnership relationships are expressed in the
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Associations Table. From a physiological point-of-view, the nerves are merely conductors which
relay the information to the appropriate regulatory center in the medulla. In this case, it is the
"Medulla Vasomotor Regulator” center which receives the forwarding ("trans”) interaction from
the specific sympathetic nerve. In response to the situation, this regulatory center initiates
interactions which are subclasses of the "Change Artery Diameter Command", and which involve
either the constriction or dilation of an artery. |

These interactions are the "vasomotor” related interactions. They occur in cases in which the tissue
groups are under heavy load, and are not obtaining enough-oxygen. This would occur under
conditions involving physical exertion. Also, a subset of these interactions would occur in cases
of oxygen deprivation, where the brain acts to preserve the blood (oxygen) flow to itself. This
would occur in the scenarios involving smoke from fire.

Note that the interactions do not capture all of the activity that would take place in a scenario. The
publish/subscribe communications involving attributes of objects are also of great importance.

The activity of the physiological heart as a pump, which moves oxygenated blood through the
circulatory system and which has a cardio-pulmonary loop for the re-oxygenation of blood plays
a major role in insuring the continued metabolic activity of all body components. This is captured
in the Physiological SOM via the "heart" object, together with its attributes. Various situations
which require a rapid change in the value of one of these heart object attributes, for example, the
heart rate attribute, are captured in the interactions available in the Physiological SOM. Clearly,
relevant interactions are those which involve the heart object as the recipient object. This includes

"Decrease (or Increase) Heart Stroke Volume”, "Decrease ‘(or Increase ) Heart Rate”, and the
associated "trans" interactions involving the cardio-regulatory object and the appropriate nerve

(vagus or sympathetic cardiac nerve). The broader picture includes those interactions which

support the chain of events leading to the required change in the heart rate attribute values. These
interactions are components of events such as "Blood pressure increase to decrease in heart rate”
and "Low oxygen levels from the carotid O2 sensor”, which were presented in the previous
subsection. Note that the start of such events begins with an organic sensor noting a change in the
measured quantity. This is done by the appropriate nerve that subscribes to the attribute of the
appropriate sensor that contains the measured value. The nerve then "conve'ys the information to
the cardio-regulatory center in the medulla which performs algorithmic calculations and responds
(issues interactions) accordingly. The interactions which involve the nerves conveying information
to the medulla cardio-regulatory center in this context are "Return to Normal pO2", "Low pO2”,
"Increase BP", "Decrease BP". | i ' |

These interactions would occur in scenarios involving smoke and gases other than the usual
components of air.
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Several interactions support the initial reactions of the Body to particulate stimuli. Particulates act
as irritants. A physiological local response to the presence of an irritant in the bronchia region is
the release of histamines which serve to constrict the air passageways. This is supported by a
"Constrict Bronchioles” interaction. There is a more complex cascade of reactions caused by the
presence of an irritant which results in a cough sequence. These are initiated by the class of "Trritant
Sensed" interactions with the recipient object (of the subclasses) the "irritant sensed” interaction
being the Pneumotaxic/Integration Center in the medulla. This center is a subclass of the
respiratory regulatory center in the medulla. Finally, we allow for the case in which the initial
recipient of the stimuli is the class "Body Environ Matrix", by including an interaction from that
class to the appropriate irritant sensor.

The remaining interactions of the Physiological SOM support the process of breathing. These
remaining interactions can be divided into two main groups. In the first group, the interactions
involve the regulatory centers in the medulla that deal with respiration. It is these object classes
that host the algorithms governing the physiological breathing control. This group involves

"o

interactions such as "start expiratory”, "change cycle time", etc. The second group of remaining
interactions is concerned with the behavior of the muscles of respiration, and the nerves which
communicate the instructions from the regulatory centers in the medulla to these muscles.
Interactions belonging to this group include those that are subclasses to "relax” and "contract’, and

the relax or contract "trans” interactions. .

The scenario section of Chapter 5 contains further details on the proper utilization of the
interactions.

3.7 Integration

With any complex coupled system, the integration of modes of interaction of the major subsystems
becomes crucial. This applies to the cardiovascular and the respiratory systems. Up until now, the
focus has been on elucidating the objects and interactions together with the their attributes and
parameters. During this exposition, the role of the objects in modeling the anatomical features most
relevant to physiological processes and the role of the interactions and publish/subscribe .
relationships in capturing these processes have been addressed at all but the integration level. The
regulatory objects in the medulla have been discussed in terms of their connections to "ihput" and
"output" details (see 3.5 and 3.6), but the overall integration has not yet been addressed.

The "pneumotaxic/integration” center is responsible for providing the integration between the
respiratory and cardiovascular systéms. The regulatory objects of the cardiovascular system are the
cardioregulatory center and the vasomotor regulatory center. The "pneumotaxic/integration” .
center must listen on the behavior of these cardiovascular centers by utilizing HLA provided
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subscription services to the attributes of said centers, in particular the "BPMonitorTissues” and the
"BPHeartSysMonitor" attributes. Also, the "pneumotaxic/integration” center receives information
due to the irritant sensors via an interaction service. Additionally, this center must be aware of the
pH (from chemical sensor) information. This information relay is supported in an interaction
structure in which the receiver is the "MedullaReceiveSendCompute” object. Subscription (to
interactions), together with inheritance, can deliver this information to the integration center.

The inspiratory and expiratory regulatory centers in the medulla regulate respiratory inspiration
and expiration. They originate commands to the muscles of inspiration/expiration transmitted via
the nerve conduits. In the case of normal breathing, there is a periodic oscillation set up tetween
these two centers; when one is in a high activity state the other is not. The number of times this
cycle of inspiration/expiration occurs per minute yields the respiratory rate. Thus, the respiratory
rate is not an ad hoc quantity in this effort, but is a quantity determined by the activity of the
modeling for greater physiological fidelity. (The respiratory rate is also a clinical quantity which
is understood by the human mannequins. See Chapter 6.)

Physiologically, the "pneumotaxic/integration” center is capable of resetting the operational cycle
time between the inspiratory and expiratory centers. This functionality is supported in the
modeling by the interaction "ChangeCycleTime", which will affect the attribute "Cycle Time™ of the
recipient centers. Of course, the decision as to when/how much to effect this change must be
implemented, algorithmically, in a manner faithful to the governing physiological principles which
requires the information from the cardioregulatory and vasomotor centers.
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Chapter 4—Development of the Stimuli Simulation Object
Model o

4.1 Initial Approach

The point-of-view that was adopted in the develbpment of the Stimuli SOM is that an individual
stimulus is a stimulus precisely because it is capable of evoking a reaction in a recipient object. In
this project, the object is considered to be the human body with the capabilities and performance
of the body specified through the Physiological SOM.

This view-point was fully manifest in the first approach taken in the development of the Stimuli
SOM. It is noted that this approach was found to be un-workable and was discarded. In this first
approach, the idea of a stimulus being of interest only if the stimulus had an impact upon some
physiological component resulted in the requirement that the Stimuli Federate should be able to
calculate the first order response of the human body. This means that the Stimuli Federate must
know the "state” of the recipient human body. This results in grave scalability issues, which are
illustrated in the following example.

42  Scalability Issues ’

Suppose that a stream of "air" consisting only of carbon monoxide is blowing toward the human
body. As carbon monoxide will displace oxygen in binding to hemoglobin, breathing of carbon
monoxide for a sufficient period of time will prove fatal. So the stimuli "knows" its effect upon the
body, it "knows" that it is lethal. However, what if the body is wearing a mask and is breathing a
self contained air supply. Then the stimuli is not lethal due to intervening environmental factors.
Of course, a Stimuli Federate could request environment information. However, consideration of
other possible and reasonable scenarios indicate that the amount of information needed by the
Stimuli Federate, in order to calculate the first order effect it will have on the human body, will
only grow. For example, what if the mask is cracked. Is it a hairline, or larger crack? What if there
isa malfunction in the self-contained air supply? Whatis the amount of air left in the self-contained
breathing unit? It is clear that the Stimuli Federate would have to subscribe to an increasing
number of attributes that are involved in specifying a local environment in order to calculate the
first order response of the body to the stimuli.

The objection could be raised that the focus of this project should really be on the Stimuli and on
the Body Physiology, and should not take any environmental factors into account. This restriction
would unduly restrict the scenarios that could be investigated in a "Stimuli-Human Response”
Federation. However, even if this onerous restriction were to be adopted, the scalability issue does
not disappear.
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Consider a human, represented by the Physiological Federate, that is in the process of normal
breathing. The Stimuli Federate supplies a stream of carbon monoxide. In order for the Stimuli
Federate to calculate the true first order response of the body at that instant in time, it is necessary
for the Stimuli Federate to know at what point in the breathing cycle the stimulus is actually
received. In order to acquire this information, the Stimuli Federate would have to subs<ribe to
multiple attributes of objects in the Physiological Federate. The Stimuli Federate would find itself
in the position of trying to calculate the state of the body but this is precisely the function of the
Physiological Federate. Moreover, the meaning of "state of the body" needed in order to for the
Stimuli Federate to generate the first order response will vary from stimulus to stimulus.

The end result of this segment of the investigation is to require that the Physiological Federate
calculate the state of the body. Of course, the structure of the Physiological Federate is a reflection
of what is in the Physiological SOM. To conclude, the first order response of the body is not
determined by the Stimuli Federate. A ramification of this is that structure of the Stimuli SOM will
not include physiological objects.

4.3 Scalable Approach and Object Identification

The approach to constructing the adopted Stirmuli SOM is a scalable one. In the Stimuli SOM, only
the classes and subclasses pertain to the stimuli themselves. Of course, the selection of which
stimuli to include is open ended.

In keeping with the basic view point that stimuli are that which elicit a response, the human
recipient was chosen to be a measure of what stimuli are important. In a very real sense, the
Physiological SOM guided the development of the Stimuli SOM. Since the Physiological SOM is
focused upon the respiratory and cardiovascular systems, the stimuli of primary interest are those
which would affect either of these systems. An additional requirements is the suite of stimuli be
of interest to both military and commercial sectors.

The focal point for the stimuli development was selected to include elements which would be
present in "battlefield haze" or at the scene of a fire. These include gases, particulate matter, and
the potential of toxic vapor clouds. A secondary group of stimuli include certain medical drugs
which have specific effects on the respiratory system.

The structure of the Stimuli SOM is largely flat. The depth of the class structure is only one more
than the initial base class level. A reprise of the object classes shows the base classes as given in the
following Table V.
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. Table V. Base Class Structure: Stimuli SOM

Air Mixture (PS)

Smoke Gas Mixture

Local Particle Cluster Cloud

Local Chemical Vapor Cloud

Volatile Chemical Vapor Cloud (PS)

Gas subclasses exist

Particle Cluster Cloud (PS)

Medical Drugs subclasses exist

Note that only three of the base classes are designated PS (publishable/subscribable ). Ordinarily
this would not elicit comment as it would be a member of a subclass which would be instantiated
and be designated "PS". However, in this case, only two of the base classes have subclasses.
Moreover, neither of the members of these subclasses are designated "PS". Also, it appears that
some stimuli were listed twice. Consider the case of the "local Chemical Vapor Cloud” and the
"Volatile Chemical Vapor Cloud". In the first case, the stimuli is local. It is considered to be in the
immediate vicinity of the "virtual human"; essentially co-located spatially with the recipient body.
In the second case, the Chemical Vapor cloud is considered to be global; i.e., some distance away
from the "virtual human". Note that local stimuli (not designated "PS") which have no global
counterpart are those in the subclasses of the "Medical Drugs”.

Certain stimuli which are intended to be "global" can be impacted by' other environmental factors,
such as weather. For example, suppose a volatile chemical vapor cloud having fairly large diameter
is created. In the event of a strong wind blowing in a specified direction, the chemical vapor cloud
may follow a ground track which adversely affects more humans (virtual humans) than would
have been the case without the weather. Alternatively, a storm may serve to disperse the cloud.
Terrain features come into play in the movement of a global stimulus. The longevity of a vapor
cloud in a valley ringed by mountains on three sides with a temperature inversion occurring is
most likely different from the longevity of that same cloud in a plains region. One ancillary area
of interest given impetus by this work is that of tying a specific stimulus into a weather generator
or an environmental framework. This is discussed further in Chapter 6.

A key requirement is that non-visual stimuli are to be represented, and this representation is to be
transmitted within the context of the High Level Architecture. That implies that the recipient of the
stimuli must "react” to the stimuli. However, we have taken the scalable approach so that the
stimuli will not be calculating part of the recipient’s response. It is, therefore, crucial that the
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characterization of the stimuli involve sufficient information of the "correct type" so the recipient
body can calculate a physiologically correct response and manifest it via a change in the atiributes
values and perhaps overall state. '

One of the limitations of this approach is the lack of any cognitive modeling. No higher brain
functions or volitional choices of response are modeled. Thus, only stimuli which reside in the
physical domain are properly included in this Stimuli SOM.

It is through the attributes of the stimuli objects that the identity of a particular stimulus is known.
The attributes are responsible for conveying the nature of each non-visual stimuli. This is discussed
in the following subsection.

4.4 Informational Attributes and Physical Attributes: Convey the Stimulus

Consider the "Volatile Chemical Vapor Cloud" stimulus, which is an object in the Stimuli SOM.
It is clear that in order to describe the cloud in relation to some spatial reference point, certain
physical parameters must be specified. These include the "diameter” of the cloud, its "altitude” and
"location (in lat-long or XY coordinates)", its "speed" and "direction of motion". The "concentration”
of the chemical constituting the vapor cloud is a measure of the strength of the cloud. These are all
attributes of the object "volatile Chemical Vapor Cloud". o '

In a similar manner, the physical constituents of the "Smoke Gas Mixture" object, the size
(diameter) of the "local Particle Cluster Cloud", etc., are attributes which relate to the physical
nature of a stimulus.

Consider the case of the vapor cloud. None of these attributes describes just what the vapor cloud
is in relation to the recipient of the stimulus. Would a listing of the chemical formula be sufficient
to describe what the cloud is? How would this be useful to a recipient when that recipient is the
virtual human? Would the virtual human have enough information to react properly?
Alternatively, what information would be required by the virtual human in order to "process” a
stimulus? ’ ‘

Again, it is the use of a virtual human as the recipient of the stimuli that shapes the nature of the
information that mustbe carried by a stimulus. The additional attributes which convey the identity
of the stimuli vis-a-vis the recipient virtual body are: (1) "Identity Profile", (2) "Potential Level of
Injury”, (3) "Immediacy of Effect”, and (4) "Target System". Great use has been made of the
Complex Data Types feature of the OMT as well as the Enumerated Data Types. These four
attributes constitute the methodology by which the non-visual stimuli are conveyed to the recipient
body.
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An excerpt of the Attributes List in the Stimuli SOM which exhibits the Informational Atiributes
is presented in Table VL

Table VI. Exéerpt of the Attribute List in the Stimuli SOM. The datatype of the attribute is

listed in addition to the attribute name.

Object/Interaction Attribute/Parameter Datatype

airMixture perO2 float
perN2 float
perCO2 float
altitude float

Potl evelofinjury

GenericinjuryLevellnfo

ImmediacyofEffect

ImmediacyofEffectData

TargetSystem

string

IdentityProfile

IdentityProfileData

LocationXY XYCoorData
localParticleClusterCloud SizeofParticles float
ImmediacyofEffect ImmediacyofEffectData

Potleveloflnjury

Genericlnjurylevellnfo

IdentityProfile

IdentityProfileData

TargetSystem

string

localChemicalVaporCloud

Concentration

float

IdentityProfile

IdentityProfileData

ImmediacyofEffect

ImmediacyoftffectData

TargetSystem

string

Potleveloflnjury

Genericlnjurylevellnfo
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An excerpt of the Complex Data Type List is presented in Table VIL

Table VIIL Excefpt of the Complex Data Types table listed in the Stimuli SOM. Only the Field
Name and Data Type are given.

Complex Datatype Field Name Datatype
ParticleSizeGrouplist SmallSize boolean
MediumSize boolean
LargeSize boolean
XYCoode_fa X float
Y float
IdentityProfileData BronchoDila boolean
Bronchiocon .| boolean
Aveloilnflam boolean
ModifyAirPr : boolean
| ModifyAmbi boolean
ModifyAmbi boolean
BindHEM boolean '
GenericlnjuryLevellnfo Level InjuryLevelD
Poientialnjur

- The "Identity Profile" makes use of the complex datatype "Identity Profile Data". The fields are a
list of questions to which the stimulus must respond true or false. (The datatype for these fields is
Boolean.) These include questions such as "Bronchio Constrictor?", "Bronchio Dilator?”, "Aveoli
Inflammatory?", "Modify Ambient Air Properties?", "Bind Hemoglobin?", etc. The "Identity Profile
Data" contains questions/answers of interest to the virtual patient as it is presently constituted. It
is up to the virtual patient to decide how to handle the stimuli. A cautionary note is in order here. In
specifying the Boolean Set in the "Identity Profile Data” which comprises a particular "Identity
Profile", it is important that only one interrogative be marked as TRUE; the interrogative which can
be considered to be the primary possible effect that the particular stimulus has on the body.

A failure to heed this cautionary note could result in ambiguities and possible inconsistencies.
Which particular interrogative would be associated with the information in the "Potential Level
of Injury”" information? As it is presently designea, the "Potential Level of Injury Profile” can
provide information as to the potential level of injury at various dosages/amounts/ concentrations.
However, what if a stimulus could result in injury to multiple subsystems, or in multiple ways over
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various periods of time? For example, suppose that the presence of particulate matter results in
coughing if the particles are of a certain size range. However, let us just suppose that these particles
serve to induce cancer if the exposure is at a certain level. Furthermore, suppose that the cancer will
not appear for several years. The coughing/choking response and the cancerous growth response
cannot both be addressed in the confines of the current complex data structure. It is clear from the
context of this effort that we are interested in the immediate response of the coughing. That, for our
purposes, is the identity of the particulate matter vis-a-vis the virtual body (patient).

The "Identity Profile" can be expanded in several ways. First, new fields could simply be added to
the "Identity Profile Data", containing the new questions. Thisis a flat extension. This flat extension
would be able to serve other stimuli which are simple. By a simple stimulus, we mean a stimulus
which has one simple identity vis-a-vis the body. Also, we consider a stimulus to be simple if it can
be considered to have one simple identity vis-a-vis the body in the conceptual space in which the
virtual body is being modeled.

Alternatively, certain stimuli might evoke multiple direct responses from the body. This is in
contrast to a response which starts as single-pointed, although it can cause a cascade of events
through the physiological system dependencies. These multiple direct responses could be
occurring on different time scales, providing the conceptual space of the modeling was broad
enough to encompass these time scales. For example, a time scale of 48 hours might be of interest
in a battlefield injury scenario, whereas a time scale of a decade probably would not be of interest
from the battlefield medical point-of-view. Such stimuli are termed complex stimuli. To achieve
proper representation of these non-visual stimuli, vis-a-vis the human bddy, will require a more
evolved set of complex data structures.

This situation grows more complex if other physiological subsystems are included as part of the
virtual patient. For example, if the epidermal system is included as a component system, an
additional part of the identity of a vapor cloud, vis-a-vis the human body, might be "caustic”. The
skin could be burned as a result of this stimuli. This is in addition to the effect of the stimulus on
the lungs. Thus, a more complex structure for the "Identity Profile" is required if the virtual patient
grows more complex. |

Consider further this same stimulus of the particle cloud. Let the recipient be the human body.
Reflection on the nature of a particle cloud which envelops the recipient suggests that unprotected
eyes will be "hit" by particles. The eyes will then tear. There are no interrogatives in the "Identity
Profile” data which deal with watering eyes, although this is clearly one generic part of theidentity
of the stimulus with respect to the human body. Moreover, if there were such an interrogative, it
would have to be presented in the context of a second generation complex data structure
representing the "Identity Profile”. |
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This is a push/pull situation which will require the development of a second generation group of
Informational Attributes to properly represent and convey the non-visual stimuli. The push
proceeds from recognition that certain stimuli are complex with respect to their possible effects on
even the simplest reasonable representation of the body. The pull will result from a development
of the virtual patient to incorporate additional physiological subsystems (at perhaps greater levels
of resolution) which interact. -

The second of these informational attributes is the "Potential Level of Injury”. This attributebundles
information on the potential level of injury that is nominally associated with a stimulus. The
stimulus does not calculate what actually occurs in the virtual patient. Moreover, the attribute
cardinality is "1+", so that multiple potential levels of injury can be communicated. For example,
itis known that for a range of dosage exposures to mustard gas, that stimulus is lethal. For arange
of different dosages, there is an array of different nominal effects. The datatype for this attribute
is a complex data type, the "Generic Injury Level Info". It consists of two fields; the first is "Level”
and the second field is "Potential Injury”. The datatype of "Potential Injury ", called the "Injury
Level Data", is an enumerafed datatype, also a special type provided by the OMT.

The third of these informational attributes is the "Immediacy of Effect". Again, this is understood
to be nominal information. It is up to the virtual patient recipient to calculate the actual
physiological effects. The "Immediacy of Effect” attribute has datatype "Immediacy of Effect Data",
which is an enumerated datatype, as provided for in the OMT. Entries in the "Immediacy of Effect

Data" include "immediate”, " seconds"”, "few minutes", etc. Additional entries can be easily added.

The final informational attribute requires that the stimulus list a "Target System”. This system
should be some physiological component. The specificity of "Target System" should depend upon
the specificity of the stimulus. Although the effects of the stimulus on the recipient body may
cascade through a multitude of interdependent physiological systems, the stimulus is required to
specify a primary target. No list of such targets is given. This is done intentionally so as not to
predetermine the level of potential interaction. It is up to the virtual patient to determine how
information as to the specified target system is utilized. The datatype for this attribute is a string. .

For a particular stimulus, the information that is conveyed through these attributes is fixed. With
regard to update type in the OMT specification for the attributes, the selection mustbe "Static”. The
only situations for which the information profile on a partiéular stimulus should be modified are
(1) more information concerning the stimulus becomes known, and this new information either
extends or supersedes previous information, and (2) the resolution of the information given is too
anrse, and more detailed information should be conveyed.
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This same approach to conveying pertinent information about a non-visual stimulus that the
recipient of said stimulus will need in order to determine its effect on the recipient can be adopted
for cases in which the recipient is not the human phySiological system. The key lies in determining
the nature of the stimulus vis-a-vis the recipient. The prdcess involves delineating the information
that will convey this nature to the recipient in a form that the recipient can utilize in order to
calculate effect.

4.41 Extended Discussion on Informational Attribute Structure

These informational attributes form a set of attributes, the details of which must be tailored to each
new stimulus. Serious questions concerning the efficacy and adequacy of the set of informational
attributes arise. Since this structure is the means by which the non-visual stimuli are to be
conveyed to the recipient body, any concerns regarding the attributes translate into concern over
the ability to represent (and then transmit ) the non-visual stimuli.

Consider the question of orthogonality among the informational attributes themselves and with
regard to the physical attributes which characterize the stimuli. Orthogonality refers to the
independence of the information being addressed by each of the informational attributes and other
attributes. Without this independente, a situation could arise in which the specification of two

* different attributes caused an inconsistency or.an error in the representation of the stimulus. Take
as an example the "Potential Level of Injury " attribute. The truth of the potential level of injury
may depend on the quantity of the stimulus which is present. This potential level of injury may
vary from minor, if the amount (or size , dose, concentration, etc.) is "small”, to lethal, if the amount
is large. Thus, there is a dependency of the "Potential Level of Injury” due to the "amount” of the
stimulus that is present. In this case, the situation is remedied by the development of a complex
data structure that allows for multiple (unbounded sequence) of "Potential Level of Injury” due to
a stimulus, each of which is associated with a level of presence of the stimulus. The hidden
dependence is removed at the lowest level by requiring a "coordinate” to describe the potential
level of injuries, the fields given by the amount of stimuli, and the associated potential level of
injury.

No other non-orthogonalities were discerned in this set of attributes, as long as simple stimuli are
considered.

The basic thesis underlying the approach to representing and transmitting the non-visual stimuli
is that of an implicit coupling exiting between the stimuli and the recipient. A discussion of this
viewpoint has helped to elucidate the requirements for represehting the simple stimuli. In
summary, discussions with the medical consultant led to the requirement that the physical body
demand information as to: (1) how much of the stimulus is present, (2) what is the nominal level
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of injury due to the stimulus in the amount present, (3) how fast acting is the stimulus, (4) what are
the "features” (identity) of the stimulus vis-a-vis my categories of concern, and (5) what's the
primary target system. ' | "

Are the stimuli adequately represented for use by' the body? Can the body calculate its new state
based upon the presence of the stimuli? - '

The informational attributes and their structure can convey the required information on a simple
stimulus to the body. However, it is incumbent upon the recipient to embody some level of
organization in handling and processing incoming simple stimuli. This is reasonable in light of the
fact that the very identity profile of the stimuli are cast in the categories that are relevant to the
recipient. Let us assume that a future software implementation of the Physiological SOM can
calculate its state in the absence of any stimulus. Let us assume that the body is in a normal
breathing mode, and that all internal calculations which must be done to advance the state of the
body in time are able to be performed. The introduction of a stimulus would affect one or more of
the attributes which are needed by the body in the calculation of its internal state. A software
implementation of the body must bring in this information, and properly utilize it. Through the
framework of the HLA, the information can be brought into the body. The framework for
representation of the stimuli was designed so as to allow for the transmittal of simple stimulus
information in the "right form" that could be used by a "smart body". '

At this stage, it is believed that the structure of the Stimuli SOM, subject to its inclusion in a FOM
with much input from Physiological SOM , and under the umbrella of a set of selected scenarios,
will prove adequate to the task of conveying non-visual simple stimuli. It requires an actual
implementation to take this question further.

4.4.2 Onthe Future Informational Attribute Structure: Simple Stimuli versus Complex Stimuli and
Extensive Physiological Modeling versus Minimum Systems

At present, the "human body" recipient is a SOM which represents the respiratory and
cardiovascular systems in a coupled manner, with the intrinsic ability to simulate respiratory
activity, albeit at a certain level of resolution. At present, the Stimuli SOM consists of stimuli which
enjoy a "simple" identity relative to the current "human body"” SOM. Moreover, there is recognition
of the fact that these two different SOM’s were developed in the same conceptual space.

Suppose that in the future this is implemented in software and the physiological systems and
subsystems which are modeled and implemented incréase greatly. There will then be more objects
in the Physiological SOM which could be affected by a given stimulus. Of course, some of the
objects would be affected indirectly, and in the due course of time due to the coupling between the
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components of the body when itis aliveand breafhing. (This is the current case.) However, it might
also be the case that more than one physiological system or subsystem should be considered to be
a "target system”. In and of itself, this is not a problem. However, orthogonality issues will arise
with regard to how long the stimulus takes to have an effect, and with the Identity Profile and its
connection to the Potential Level of Injury.

Also, the structure of the Identity Profile must be modified to make sure no inconsistencies in
representation of the stimuli vis-a-vis the physiological subsystems arise. The increased complexity
of the recipient system feeds back into the representation of the Stimuli and requires a more
complex representation of the Stimuli, since this representation is done vis-a-vis the recipient body.

The orthogonality issues arise immediately if the particular stimulus is complex; that is, if it could
evoke multiple "primary responses" from the human body.

With regard to development of a second generation of Informational Attributes, one possible
approach is to have the "Identity Profile" be the base complex data type. All of the other present
informational attributes would represent fields in the "Identity Profile". The present set of
interrogatives would be greatly expanded and organized by physiological subsystem. In the case
of a complex stimulus, each "primary-type" response would be connected with a "yes” for the
correct subset of interrogatives. In the case of a yes answer to interrogatives, other fields would
have to be filled in. These other fields would correspond to the remaining Informational attributes
of the present effort: these include the "Potential Level of Injury”, the "Target System”, and the
"Immediacy of Effect". Recall that these include complex data structures in their own right.

This structure is capable of being handled under the current HLA OMT rules governing data
representation. However, keep in mind that the Identity Profile would be a parameter that has to

be passed. It could grow increasingly large.

One intermediate situation is to allow for complex stimuli, but to restrict the physiological systems

to the present structure. The list of interrogatives would include only those which would have an

impact on the cardiovascular-respiratory system, but complex stimuli which enjoy multiple
(potential) effects could be communicated. Also, multiple simultaneous simple stimuli could be
bundled into one complex stimuli. '

If the physiological SOM is to be developed further to include other physiological subsystems,

should this be done in a single SOM? Would multiple SOM’s allow for smaller Identity Profiles that
could still convey the compfex stimuli information? If the physiological SOM or set of SOM’s is to
become more capable of modeling the true complexity of the human body, what would the issues
be in terms of data handling? Would data subscriptions be an alternate method?
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The needs of the user groups and user requirements will have input into any future development
of the stimuli SOM and the physiological SOM. '

4.5 Interactions

The interactions represented in the Stimuli SOM are all concerned with the release of stimuli.
Consider a particular stimulus that is released. That stimulus is the initiating object. However, .
there is no recipient object with the context of the Stimuli SOM.

The interactions are listed in a flat structure; no use is made of inheritance. This reflects the rather
flat object class structure for the Stimuli SOM, in which limited use is made of inheritance.

What is of most interest in these interactions are the parameters that are sent as part of the
interaction. All of the interactions send, as parameters, the four informational attributes: "Identity
Profile", "Potential Level of Injury”, "Immediacy of Effect", and "Target System". Recall that these
informational attributes are composed of complex data structures and enumerated data structures,
and are capable of bundling much information. '

This is not to suggest that the four informational attributes have the same content for each of the
interactions. Quite the opposite situation is the case. The information in each of the four
informational attributes is tailored to reflect the character of an individual stimulus for the
interaction involving that stimulus.

The interactions listed in the Object Interaction Table of the Stimuli SOM are given in the following
table. ‘ '

Table VIII. Interactions: Stimuli SOM

Administer Methacholine

Administer Albuterol

Smoke Stream Stimulus

Vapor Cloud Stimulus

Monoxide Stimulus

Particle Cloud Stimulus

\

The first two interactions refer to the administration of medical drugs, with the metac_holine and
the albuterol being object subclasses of the base class of medical drug. An additional parameter
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which must be passed in the interaction specification for both these two stimuli is the dosage. Note
that none of the attributes is affected by the interaction. | '

The first two interactions involve objects which have the potential to cause constriction or dilation
of the bronchial passageways in a human respiratory system. They were included as good test
interactions for mannequin (human patient simulator) involvement. The remainder of the
interactions focus on elements involved in "battlefield smoke” or "fire fighting".

The "Smoke Stream Stimulus"” interaction involves the "smoke Gas Mixture" as the initiating object.
In addition to the set of informational attributes, the interaction includes, as parameters, those
attributes of the object which pertain to the physical nature of the smoke gases: percentage O2,
percentage CO, percentage CO2, etc. "duration”, which describes the length of time over which the
stimulus is acting, is a key parameter in the interaction. None of the attributes of the initiating
object are affected by the interaction.

The "Monoxide Stimulus" interaction focuses upon a specific gas as the initiator. Parameters of
"amount " and "duration" are required, as well as the set of information attributes. The "amount”
parameter is also an attribute of the initiating object.

The "vapor Cloud Stimulus” interaction and the "particle Cloud Stimulus" involve local objects as
the initiators. The parameter "duration" is passed in both of these interactions. As in the other
interactions, all of the informational attributes are passed as parameters. Moreover, the attributes
"concentration” and "size of particles” which are attributes of the respective initiating objects in
these two interactions are passed. ‘

The interaction structure which was developed for passing non-visual stimuli to the recipient
human body (with specific physiological systems) heavily utilizes parameter passing in order to
convey all relevant information. It is interesting to note that in each interaction developed, all of
the attributes of the particular initiating object are passed. Of course, the informational attribute
set is passed, but the parameter list included all attributes. An additional parameter which was -
necessary for some of the interactions was the "duration”. ' '

-47 -




-Chapter 5—Federation Object Model Development

Topic Number: 0SD97-005

Chapter 5—Federation Object Model Development

5.1 Development of Multiple Federation Object Models

The FOM, or Federation Object Model, is that part of the Object Model Template which represents
the structure of a Federation, as opposed to a single simulation. (Recall that the Object Model
Template is one of the constituents of the High Level Architecture.) We have seen how the
capabilities of the body/physiology simulation and the stimuli simulation are reflected in their
respective SOM’s (Chapters 4, 5). The software implementation of a SOM , which represents a
particular simulation, is termed a federate. However, it is the Federation Object Model that reflects
the capabilities that present in the "super-simulation” involving the inter-operation of the two
federates. The FOM is key to the interoperability between two federates.

The development of the FOM was facilitated through the use of the OMT Tool, which was utilized
in the development of both the Physiological SOM and the Stimuli SOM. From a component
perspective, the skeleton outlines of the FOM and the SOM are identical. The same list of Tables
that must be "filled out" in the construction of a SOM are the same list which must be addressed
for a FOM. Upon perusing the contents of a FOM, it might be difficult to determine, at first glance,
that the Tables are component pieces of a FOM rather than a SOM. ,
This is not to say that it would be impossible to deduce that a partiéular set of Tables represents
a SOM rather than a FOM. There are certain features which are allowed in a SOM, but prohibited
in a FOM. For example, in a SOM, the publishing and subscription designations are chosen from
the set { B S, PS, N}, where N is neither. In the FOM, the set of choices is { S, PS, N }. While abstract
classes (N) are still allowed in a FOM, the possibility of "P’s" eliminated; so no attributes will be
published without allowing subscription. In the case of interactions, the "I" (initiates) designation
is disallowed in FOM’s while permitted for SOM’s. That is, in a Federation, an interaction that is
initiated by an object must be reacted to, or sensed by, some other object in the Federation. For
more details, see the High Level Architecture Object Model Template.

- The Federation Object Model represents the capabilities of a super-simulation that is composed of
anumber of single simulations "playing together". The capabilities are manifest through the object, -
attributes, interactions, and parameters. Note that these are all components of a SOM. Indeed, the
FOM is composed of contributions from the participant SOM’s, although not every component of
a SOM is represented in the FOM. ' '

In the current effort, the Simulation Object Models were developed in advance of any
implementation. That is, there is no legacy simulation which drove the structure of either the
Physiological SOM or the Stimuli SOM. In a sense, this situation complicated the development of
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the SOM’s due to a richness of possibilities. However, since the development of the Physiological
SOM, in conjunction with the Stimuli SOM, required attention to the conceptual space in which both
the SOM’s reside, the resulting FOM construction is facilitated by this common context.

In what is today the more typical case, a FOM would be developed to represent the intended
inter-operating of multiple federates which were not developed in conjunction with each other or
under the guidance of a reference FOM. This leads to potential semantic and usage conflicts among
the objects and attributes of the participating federates. Such conflicts could result in some changes
to a federate’s SOM. Alternatively, the set of interactions and the level of interplay among the
federates might be more limited than would have been the case without the semantic and usage
conflicts. (As an aside, we note the high level of interest in reference FOM’s on the SISO reflectors.
See the URL: http:/ /www.siso.sc.ist.ucf.edu/) ‘

The Federation Object Model (FOM) for this project is intended to represent a "Human Response
to Stimuli" Federation. In the efforts of this project, the stimuli simulations are represented in the
Stimuli SOM, and the physiological simulations are represented in the Physiological SOM.
Technically, the SOM’s are disjoint sets. There are no objects in the Stimuli SOM that are found in
the Physiological SOM and vice versa. However, it is clear that the SOM’s were developed under
a common conceptual framework. The Physiological SOM contains objects that could respond to
interactions initiated by objects in the Stimuli SOM. Similarly, the attribute of the objects'in the
Stimuli SOM involve a set of characteristics whose purpose is to identify a particular stimulus to
the recipient body. The contents of the FOM should allow for the stimuli to be introduced to the
body. These are the interactions which would bridge the two federates. As such, they rightfully
belong in a FOM.

We have chosen two representations for the "Human Response to Stimuli” FOM. In the remaining
paragraphs of Section 5.1, we discuss the nature of these two representations, certain
implementation ramifications, and the question of possible limitations.

FOM Representation Version 1:

In the first representation, the physiological details and capabilities are hidden. The FOM consists
of the Stimuli SOM in its entirety. Also included is the "Body Environ Matrix" which is an object
in the Physiological SOM. The interactions listed in this first version of the "Human Response to
Stimuli" FOM all have as an initiating object one which originates in the Stimuli SOM. The recipient
object of each interaction listed in the first version of the FOM is the "Body Environ Matrix™ object,
which originated in the Physiological SOM. This object acts as the interface between the
physiological subsystems and the stimuli.
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If this version of the "Human Response to Stimuli" FOM is chosen for implementation, the object
"Body Environ Matrix" must be quite sophisticated. From the FOM and SOM tables, it is clear that
this object will communicate with other physiological objects through the use of publish/subscribe
services. For example, the "lungs" object could subscribe to the "air pressure, humidity, and
altitude” attributes of the "Body Environ Matrix" for use in its calculations. The "Lung Respiratory
Zone" could subscribe to the "air components” attribute of the "Body Environ Matrix" for use in its
gas exchange calculations. However, how would an irritant sensor in the trachea know thata
particle has struck it? This communication is done via the "Body Affectors” attribute of the "Body
Environ Matrix" object. Note that there can be multiple "Body Affectors”; the cardinality of this
attribute was designated 1+. The "Body Environ Matrix" implementation must have enough
intelligence to decode the attributes (e.g., "Identity Profile, Target System, Immediacy of Effect,
Potential Level of Injury") of the stimuli which are passed as parameters in the interactions. These
attributes involve complex data types. The results of the decoding are described as "Body
Affectors”. In an implementation, a list of strings, expressing situations which could occur as a
result of the decoding of the given stimuli, would be constructed.

A possible limitation of this FOM version is that the physiological details are hidden. This version
of the FOM has been tailored to the current Stimuli SOM and the current Physiological SOM . Bear
in mind that this tailoring of a FOM to reflect the participating SOM's is the methodology which
should be followed. However, what if a third federate was interested in joining the "Human
Response to Stimuli" federation? ‘Moreover, suppose that this third federate was primarily
concerned with modeling the epidermal layer of the human body, and could successfully exhibit .
the human response to a chemical which affected the cardiovascular-respiratory system. The
addition of this new federate to the "Human Response to Stimuli" federation would expand the
range of scenarios that could be simulated by the federation. It would be a valuable additional
federation member. In order for this new federate to join, however, the Physiological SOM would
have to berevisited. Semantics, attributes, and interactions between it and the new Epidermal SOM
would have to be investigated, and a totally new FOM developed.

FOM Representation Version 2:

In the second representation of the "Human Respohse to Stimuli" FOM, the physiological activity
is not hidden. The full capability of the body is revealed. This allows for the faster incorporation
of a third federate which needs human physiological inputs, or which also models an aspect of
human physiology, into the federation. ’

In this second version of the "Human Response to Stimuli" Federation, the FOM is essentially a
union of the two disjoint SOM’s (the Stimuli SOM and the Physiological SOM). That is, the FOM
is created by putting together the objects, attributes, interactions, and parameters of the Stimuli
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SOM and the Physiological SOM. One key feature occurs in the interactions in which a stimulus
is the initiating object. In this version of the FOM, no receiving object is specified. It is noted that
this is a similar situation to that involving the "Weapon Fire" interaction in the reference FOM (RPR
'FOM 017). In that interaction, the initiating object is a military entity and there are no designated
receiving objects.

With regard to a software implementation, the individual physiological objects would have to
decide to which stimuli object attributes and interactions they should subscribe. Recall that the
physiological objects present in either the SOM or a FOM should only be present if they represent
serious modeling capability. The software representing the physiological objects would then use
information obtained by subscription to feed into their internal calculations and/ or to update their
attributes.

5.2 Scenarios

The following scenarios have been developed as part of the "Human Response to Stimuli”
federation. Since the human physiological modeling is limited to the cardiovascular and
respiratory systems, the stimuli which are involved in this federation are those which act to evoke
a response on these subsystems.

: *
There is some question as to how much detail to present in the scenarios. If the first version of the
FOM is considered to provide the operational viewpoint, then the scenario development is very
straightforward. With this viewpoint, the physiological cascade of events which flesh out the
scenario do not appear, as the physiological details are hidden.

We will consider the second version of the FOM, the one in which the physiological details are in
plain view, to govern the operational viewpoint. Moreover, the initial segment of each scenario,
in which a particular stimulus is introduced, constitutes the totality of what would be presented
if the first FOM version were utilized. This initial segment will be clearly marked.

Scenario 1: Normal Breathing
The first scenario involves "normal” breathing.
Initial Segment:
The stimulus in this scenario is taken to be the airMixture, with the components sét to that of

normal atmospheric air. The airMixture communicates via the publish/ subscribe methodology,
rather than by subscription. It is necessary for those (physiological) objects to subscribe to the ’
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relevant attributes of the air mixture. One such physiological object would be "Body Environ
Matrix" (in either the first or second versions of the FOM). [End init. seg.]

The human physiological response is given via the participation of the component objects which
are represented in the Physiological SOM and in the second version of the FOM. See Chapter 3 for
details on the physiological object, interactions, and the integration of activities.

In the execution of the "Human Response to Stimuli” federation, the following sequence of events

simulates "normal breathing".

» Inspiratory Center - > Inspiratory Muscles
= Inspiratory Center - > Expiratory Center
= Expiratory Center - > Expiratory Muscles

The inspiratory and expiratory syétems operate in a cyclic manner (see section 3.7), with two and
three second cycle times, respectively. At the end of the inspiratory cycle, the expiratory cycle is
told to turn on. The inspiratory center object implementation assumes a passive state, and listens

in to the behavior of the expiratory system so that it will know when to resume a high activity

state.
¥

The activation of the inspiratory muscles during inspiration involves signals via the phrenic nerve
from the inspiratory center to the diaphragm to contract and, via the intercostal nerve to the
external intercostal, to contract. At the end of the cycle, signals are sent for these muscles to relax.
" In a similar manner, the muscles of expiration, the abdominals, and theinternal intercostal, receive
signals to contract for expiration. Such signals are sent from the expiratory center via the
appropriate nerves. The effect of these contractions and relaxations is to change the thoracic cavity
volume, which will allow the lungs to grow or shrink in volume, and result in a change in internal
lung pressure which drives the intake/expulsion of gases. Clearly, there must be extensive use
made of the subscription services in order for the object models to obtain necessary attribute
information in any implementation. |

In the implementation of "riormal breathing", a stealth viewer should be able to see a regular
respiratory rate. Re-oxygenation should be occurring. A stealth monitoring of the pO2, sensors, etc.
should be able to determine if this is indeed the case.

Scenario 2: BronchioConstriction

Bronchioles constrict.
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Initial Segment:

This scenario may be entered due to the administration of a bronchio-constricting drug, such as
the "methacholine” stimulus. This scenario can be initiated using an administer drug interaction
listed in both versions of the FOM. The amount of methacholine to be administered can be setby -
the dosage parameter. The recipient object can be either the Body Environ Matrix (first FOM
version) or none (either if second version of the FOM is used). [End init. seg.]

In this scenario, the bronchioles constrict. This leads to reduced air flow in the air passageways.
This results in a decreased pO2, and an increased pCO2, as the gas exchange in the lung respiratory
zone will not be as efficient. ’ '

This situation leads to the following sequence of events.

= The organic chemical sensors see the low pO2.
» The appropriate nerve carries this (signal) information to the medulla. It is the
cardio-regulatory center in the medulla which receives the information on low oxygen
levels via the vagus and glossopharyngeal nerves. o '

(The sensors, nerve pathways, and cardio-regulatory center are all object classes within the second
FOM which can be instantiated in an implementation.

» Thecardio-regulatory center respondsappropriately (according to algorithmic constraints).
= As the low pO2 continues, tissue groups will not find their oxygenation needs met. Tissue
distress interactions will be sent via sympathetic nerves to the vasomoter center.
= The vasomotor center responds appropriately. '
(The tissue groups, associated sympathetic nerves, necessary interactions, and the vasomotor
regulatory center which should be present in the implementation are all elements of the second
FOM version.) '
A stealth viewer can monitor key attributes which indicate the state of the patient.

Scenario 3: Breathing Monoxide Gas

Hemoglobin binding occurs, and a cascade of events_ result.
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Initial Segment:

This scenario may be entered due to the "MonoxideStim" interaction present in both versions of the
FOM. This represents the stimulus of carbon monoxide. The recipient object can be either the Body
Environ Matrix (first FOM version) or none (either if second version of the FOM is used). The
length of time that this stimulus is operative can be set by the duration parameter. [End init. seg.]

The presence of CO replaces hemoglobin in the blood, and thus affects the attribute "Hemoglobin
Binding Percent” that is associated with the object Human. Physiologically, this leads to low
oxygen transport in the cells.

The same sequence of events which occurred in the previous scenario start the events of this

scenario.

However, thereis no respité from the lack of oxygen, and the ameliorative effects of the commands
from the cardioregulatory center and the vasomotor center do not occur. The pneumotaxic
integration center becomes active, and attempts to improve the situation, but still not enough
oxygen is carried due to the hemoglobin binding.

J

Clearly, this scenario involves major attention to threshold levels, and algorithmic details. ,

Ultimately, this scenario leads to respiratory depression as the medulla can not obtain enough
oxygen to sustain its activity. '

Scenario 4: Particulate Irritant Stimulus
Irritant sensor cells become cognizant of the irritant, and a cascade of events occurs.
Initial Segment:

This scenario may be entered in one of two ways. The first involves the "local Particle Cluster
Cloud" interaction, which is present in both versions of the FOM. The second method of
introducing this stimulus involves the "Global Particle Cluster Cloud", which is publishing its
attributes. The "Human Response to Stimuli” Federation may subscribe to such attributes on behalf
of the Body (or Patient) federate. The recipient object of the stimulus (if the interaction introduces
the stimulus) is the "Body Environ Matrix" if the first version of the FOM is used, and could be
implemented in the same way if the second version of the FOM is used. [End init. seg.]
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Again, this sequence of physiological activities is listed in the scenario only if the second version
of the FOM is the operative viewpoint. There are two primary responses to the irritant. The first
respohse leads to the bronchio-constriction that was discussed in a preceding scenario. That will
not be repeated.

The second scenario involves a "Cough Sequence"”, which will be listed here, as it is somewhat

involved. The scenario sequence proceeds as:

» Interaction "Irritant Sensed" alerts "pneumotaxic/integration center”

» This center shortens the inspiratory period; makes expiratory end if operative; the
expiratory center relaxes abdominal muscles (via nerve pathways).

= This center shortens the inspiratory period, and forces it to act.

» Quick inspiration—the inspiratory center contracts the diaphragm (via phrenic nerve).

» The epiglottis closes, the lung inflates. ’

= ' Lung pressure builds. ,

s The pneumotaxic/integration center sees maximum inflation, shuts off inspiratory
(diaphragm relaxes), forces expiratory (contracts abdominals).

» Epiglottis opens, cough occurs. o
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Chapter 6—Extensions and Applications

6.1 Mannequin Identification and Interfacing Considerations

Two medical mannequins which simulate certain aspects of thehuman patient were identified. The
first of these medical mannequins is available from Eagle Simulation, Inc., and is termed the "Eagle
Patient Simulator”. The "patient" is computer controlled in real-time. In addition to an operator’s
console, there is a "bedside" hand-held controller. However, the "patient” mannequin is not |
hardware alone. Various software "Physiologic Models" are involved in its functioning. These
include: cardiovascular models, lung models, temperature models, fluid models, and drug models.
The Eagle Simulation patient is capable of exhibiting a variety of cardiovascular and respiratory
events.

The second mannequin identified is the "Human Patient Simulator” offered by M.E.T.I. Medical
Education Technologies, Inc.). It has the capabilities described by the first mannequin. Both of the
mannequins are utilized in medical education, primarily in anesthesia departments at medical
colleges. From viewing the web connections, it appears that both of the mannequins enjoy good
representation in medical schools. Both of the mannequins focus upon using clinical quantities (in
addition to any required physiological quantities). The M.E.TI. mannequin has the added

capability of receiving input from clinical monitors. !

With regard to the interfacing issues, both mannequins are proprietary. Moreover, in a discussion
with a technical representative of M.E.T.L, it is clear that the company regards its product as not
only the hardware of the Human Patient Simulator (HPS) product, butalso physiological software.
The company’s interest in physiological software as a product may extend beyond the immediate
needs of enhancing/improving the capabilities of the mannequin.

The hardware interfacing issues have been addressed in work that was recently reported upon at -
the Spring 1998 Simulation Interoperability Workshop. The project of a "Combat Trauma Patient
Simulator" (CTPS) [see Pettitt et al, 1998 ] involved a consortium of companies, including M.E.T.L,
brought together for the purpose of developing the dual purpose training and analysis, focused
upon reducing combat casualties. The injury is generated using an electronic combat casualty
generator (ECC), and the combatant is represented by the Human Patient Simulator. HLA provides
the architecture through which the disparate components communicate. Individual RTI Interfaces
were developed for the ECC and the HPS. Moreover, a “Patient Simulator” was developed to hold
the physmloglcal state of the patient. The CTPS project has, as one of its future goals the task of
improving the Patient Simulator.
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The CTPS project has addressed successfully several of the interface issues that occur in the
integration of the mannequin into an HLA simulation. Any future work involving the
implementation of the "Human Response to Stimuli” federation would seek to use the CTPS
knowledge as a baseline from which to proceed.

6.2 Reference FOM, Physiological Modeling, and Educational Applications

One of the original goals of this SBIR project was that of interfacing the virtual patient with the
Human Patient mannequin hardware via HLA. If that goal is the sole driver, then the conceptual
space of the virtual patient is mapped to the capabilities of the medical mannequin. This serves to
organize and delimit the Physiological SOM. '

The medical mannequin itself can be viewed as a hardware simulation driven by both direct inputs
and software commands. There are physiological models in the software which are an integral part
of the medical mannequin. Thus, the medical mannequin can be viewed as a validated simulation

" (in hardware). It is therefore not unreasonable to let the physiological capabilities of the medical

mannequin serve as a basis from which to design the first Physiological SOM. It is noted that such
capabilities center around the respiratory and cardiovascular systems.

The version of the Physiological SOM that has been developed for this project does indeed’focus

~on the respiratory and cardiovascular systems.

In looking towards potential uses of distributed simulation involving the human body, we see
training and education as prime application areas. One of the goals of the Combat Trauma Patient
Simulator is to reduce battlefield casualties through enhanced training with the medical
mannequin as a simulated casualty. With regard to educational applications, it is clear that any
simulations must be high fidelity. For éxample, the "Human Patient Simulator” (from M.E.T.L) is
used to train anesthesiologists. This requires fidelity in the area of drug reactions.

The educational simulations involving human physiological systems do not necessarily require a
hardware mannequin in the loop. Consider a situation in which medical students access, and

interact with, a "virtual human" or "virtual patient” which is provided from a server on campus.

With the trend in medical education involving externships away from campus and in a more
clinical setting, distributed simulations serve as a valuable educational aid.

Alternatively, consider a situation in which there is one "Human Patient Simulator” in the loop,
and a number of "virtual patients", one for each anesthesiologist in training. The "Human Patient
Simulator" could provide "ground truth". Each medical specialist student would be able to run
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simulations on his/her own "virtual patient”, and see the effects of their efforts manifested on the
mannequin.

What role could HLA play in the development of the aforementioned simulation capabilities? We
note that in the present Stimuli SOM, one of the object classes is that of "medical drugs”. At present,
both a bronchio-constrictor and a bronchio-dilator are represented. A future evolution of the
Stimuli SOM could be a suite of anesthesia drugs.

There is recognition of the fact that any medical modeling and simulation must involve fidelity to
the actual physiological systems. A recent on-line paper [DeCarlo et al] provided by the Center for
Human Modeling and Simulation and the TraumaAID Project at the University of Pennsylvania
addresses this question. Their approach is to use engineering mechanics techniques to model
certain physiological subsystems, including the lungs. We found a mechanical engineering
viewpoint to be helpful in the development of the object classes. Moreover, we adopted the
functional physiological viewpoint for development of the Physiological SOM, as contrasted to an
anatomical approach. ‘

How can the structure of the HLA be used to insure fidelity in the modeling and simulation of
human physiological behavior when subjected to trauma or interacting with medical drugs (both
of which are stimuli of a sort)? A reference Physiological FOM would aid in this effort. (It is;noted
that several of the more typical areas of DoD interest, suéh as sensors and C4I, are considering the

- development of a reference FOM for their respective areas. See the reflectors at SISO for details of

the ongoing discussions.)
6.3 Distributed Simulation Considerations’
Latency

Several issues arise in the implementation of distributed simulations which are interactive. The
interaction between the simulations results from the communication necessary to convey
information that is held by one federate, but needed by another. The distribution of the simulation
can be over several machines networked in the same room, a local network, a network which spans
thousands of kilometers, or the Internet. Networking could be done by Ethernet (or ATM), or the
networking may be specialized, as in the case of a network of high performance workstations.
Latency inherent in the nature of such distributed simulation may affect the integrity of the
simulation. '

Latency arises from both hardware and software sources. In the discussion of network latencies
given in Patterson and Hennessey [1998), there is a hardware latency to/from the network as well

-58 -




Chapter 6—Extensions and Applications

Topic Number: 0SD97-005

as what is termed an interconnect latency that could include time for the information to "come over
the wire" (important in long networks). Also, the extra time needed by the HLA infrastructure can
be viewed as a latency, even though it is an enabling software technology for distributed
interactive simulations. '

For purposes of discussion, let us assume that only one federate is hosted on each machine.
Moreover, the run time infrastructure (RTI) of the HLA will be assumed to be hosted on a separate
machine. Recall that the interactions and the subscribe/publish information can only be passed
through the RTI. So, in the case of the "Human Response to Stimuli" federate, there are three
machines which are hooked together. There is no requirement that the machines be in the same
room, on the same local area network, or even in the same geographical area. Let us assume that
the Physiological federate and the RTIExec are hosted on two machines that are on a local area
network on a university campus, and that the Stimuli Federate is running on a machine that is
geographically located hundreds of miles away. Furthermore, let us assume that a mannequin is
introduced into the simulation to provide "ground truth". This mannequin functions as hardware
in the loop. Let the mannequin be interfaced into the federation such that it will mirror the
conditions in the Physiological federate. Moreover, let the mannequin be hosted at a satellite
campus that is equidistant from the two federates. Information from the stimuli federate will affect -
the physiological federate. At what rate can this be mirrored in the mannequin status? What are
the data buffering requirements, if any? If the Internet provides the connectivity, how ds the
integrity of the simulation affected? ‘

Distributed Simulation and the HLA

Simulation in general and distributed simulation in particular have been fields of endeavor prior
to HLA. See, for example, the recent text by Hamilton et al [1997] which gives an overview of the
various facets of distributed simulation. ' -

The arrival of the Internet has generated a new sub-area in the simulation field; that of distributed
simulation over the world wide web. There are simulation tools which have been developed
specifically for this "platform”, e.g., SILK (See the References, Healy and Kilgore ). A recent paper
by Page et al [1997] looks at simulation over the web using SIMJAVA with remote method
invocation.

The status of HLA vis-a-vis distributed simulation over the Internet is an open question.
Additional work of Page et al [1998] is looking at approaches for "incorporating discrete event
simulation conceptual frameworks within the HLA".
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It is noted that educational activity is thought to be one of the premier uses of distributed
simulation over the web. An educational simulation could well be very "content-heavy", such as
is the case with the physiological system modeling. Within the context of the HLA, the content is
introduced through the Object Model Template component of the HLA. In the present effort, the
work of the Physiological SOM is an example of the "content-heavy” SOM.

6.4 Relation of Weather, Stimuli, and the “Virtual Human”

One can envision training scenarios involving the "virtual human" and stimuli in a hostile setting.
The "virtual human" can be viewed as a "virtual combatant". Consider the case in which the
stimulus is the (global) chemical vapor cloud. Training scenarios can revolve around the use and
proper maintenance of protective equipment. In this case, each trainee would be issued a personal
"virtual combatant" which could provide "ground truth" as to whether the combatant was able to
avoid the effects of the chemical cloud. After the combatant is protected, he/she could interact with
the "virtual combatant" by sending a completion message. The physiological state of the "virtual
combatant" could then be assessed, providing feedback. This would be another use of the "Human
Response to Stimuli"” federation.

Weather and terrain both affect the concentration and location of the chemical vapor cloud. Both
weather and terrain are large scale environmental features that have great impact on thle war
fighting scenarios. A recent SIW paper by Whitney et al [1998] discusses the experiences from the
STOW 97 exercise from the view-point of environmental effects on war-fighter training.

Integration of weather and terrain effects predate the development of the HLA; with weather
servers having been developed in support of distributed interactive simulations. See the brief
on-line overview of the WIND’s effort [Smith et al, TASC, web-site in references]. With the advent
of HLA came the news to reconsider environmental effects in a new context. The online FAQ
manuscript [Hummel, ANL, web-site in references] by Hummel addresses aspects of inserting
environmental effects in DMSO’s HLA. A more global view is taken as weather is now a part of
the total environmental picture. In the FAQ, " if a federation has environmental interactions that
cross federation boundaries and/or if the simulation involves activities that can cause changes to
the environment (i.e., dynamic environmental feedback), then the environment must be represented
as objects and interactions at the FOM level."

The vapor cloud stimulus can certainly be affected by strong winds. Since the environment,
including weather, must be represented in the context of HLA, and include objects and/or
interactions, the envisioned "Human Response to Stimuli" Federation could be extended to include
an environmental or weather federate.
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Recent developments in incorporating the natural environment into federations under the
HLA/RTI paradigm include the TAOS effort [Whitney et al, 1997] and the DEEM effort [Hummel
et al, on-line manuscript, 1998, anl site in references]. The DEEM effort is the "Dynamic
Environmental Effects Model", which was originally developed at Argonne National Laboratory
as part of a U.S. Department of Energy effort to model and visualize the effects of environmental
remediation. This model was part of the Joint Training Federation Prototype (JTFp). Its object
classification scheme had certain real world atmospheric, land, and water objects. What it did not
consider as part of the Joint Training Federation prototype team was possible atmospheric objects
such as "plume transport from smoke surfaces”. Such atmospheric objects like air pollution plumes
are similar in nature to chemical vapor clouds. The entity resides in the atmosphere, is subject to
geophysical fluid dynamic forces, yet is not naturally occurring. It might be the case that this is
available in DEEM, but was not implemented in the prototype.

The TAOS, or Total Atmosphere Oceans System, is "being developed .. to provide tactically
significant, high-fidelity atmosphere-ocean-surf environments to distributed simulations using
HLA/RTI" [Whitney et al, 1997]. TAOS provides spatial and temporal data from the ocean,
atmosphere, and surf zones, in gridded form. The spatial data is three-dimensional. Also, linkages
are provided between the simulation and the data source. It does not appear that TAOS is
"running" weather forecasting models to provide this data, but it appears that it would provide a
linkage to the weather data that was generated by such a source. TAOS will provide linkages to
gridded forecast products (to be) resident in the Master Environmental Library (MEL) of DMSO
[Whitney et al, 1998]. However, what is most interesting about TAOS from the view-point of the
stimuli is the "embedded features" aspect. The environment (atmospheré-ocean—surf zone) is
defined to have a base state which represents the more global general state. Any fine-scale or
localized feature is to be represented as an "embedded" feature. The example of an embedded
feature which is given in Whitney et al [1998] is that of a localized dust storm.

It appears that what we consider as simple global stimuli in the Stimuli SOM can be viewed as
embedded features within the framework of TAOS. Of coufse, while the attributes of the stimuli
in the Stimuli SOM include those which convey an identity vis-a-vis the human body, such a
representation is foreign to TAOS. Nonetheless, it seems reasonable to envision that the TAOS
system would work naturally in conjunction with the "Human Response to Stimuli” federation.

It is noted that the situation is in flux with regard to synthetic environments and environmental
modeling. The creation of "SEDRIS" [See URL address in reference list.] as an "open transmittal
medium” will have an impact on how any stimulus should/could be incorporated into or linked
to an environment model. SEDRIS will provide a standardized Data Model as well as programmer
API’s. Part of the power of SEDRIS derives from the fact that the conceptual space from which it
originated considered not only environmental concerns and models, but also the parameters
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relevant to the warfighter. Insofar as a stimulus from the Stimuli SOM can be embedded in an
environmental model, it will also be subject to handling via the SEDRIS methodology. Even if the
Stimuli federate (as defined by the Stimuli SOM ) is not considered to be part of any environmental
model, but rather is considered to be a contributor to a synthetic environment, it will fall into the
domain of information covered by SEDRIS in the future. Thus, any future implementations which
involve the Stimuli federate (Stimuli SOM) in a broader context than just the "Human Response
to Stimuli"” federation with strictly local stimuli needs to consider the interface issues with SEDRIS.
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Object Class Structure Table
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Object Class Structure Table

Class1 Class2 Class3
VeninBody
Organs Heart (PS)
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~ ilrmtantSensor AveolarirmitantSensor (PS)
BronchiolelrritantSensor (PS)
LarynxirritantSensor (PS)
‘TrachealrritantSensor (PS)
Tissue(roups UpperLimbTissue (PS)
 HeadNeckSpineTissue (PS)
LowerLimbTissue (PS)
IntilliacViscNParietTisste (PS)
AbdomVisceralissue (PS)
KidneyTissue (PS)
HeartTissue (PS)
Esophagus lissue (PS)
LungTissue (PS)
RespiratoryMuscles Abdominal (PS)
: Externallntercostals (PS)
Internalntercostals (PS)
o Diaphragm (PS) |
[Cavities NasalCavity (PS)
ThoracicCavity (PS)
04/27/98 17:20:17
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Object Class Structure Table

04/27/98 17:20:17

Class4

InternaliliacveinR (PS) ‘
ThternalliacVenL (Fsy ’

ExternalfiiacveinR (PS})

ExterraliliacVeinl (PS)

SuperiorVenaCava (PS)

InferiorVenaCava (PS)

RenalVein (PS)

PhrenicVein (PS)

" [HepaticPortEIVein (PS)

AzygosVein (PS)

BrachiocephalicVeinR (FS) -

BrachiocephalicvVeinL (PS)

SubclavianVeink (PS)

SubclavianVeinL (FS)

JuGlIErVensr sy

JuglilErVainsL PS)

PilificnaryVeinsR {PS)

' lesrsHERVERR S

BiilronaryVenst (FS)

CoronaryVeinl (Ps)

MEdUICOZREEt (PS) ™

MeauiPHRecpt (FS)

CarotOZRecpt (PS)

ASHEOZRESH (PS)

- 416




Object Class Structure Table

Class2

Class1 Class3
PleuralCavity (PS) . o
Chambers HeartChambers VentricleLett (PS)
 {VEniriclieRight (P'S)
AlriaLett (PS)
. AtriaRight (PS)
Valves HeartValves AorticSemiLunarValve (FS)
o ) _iPulmonarySemilunarValve (P
| IMitralvalve (PS)
TricuspidValve (PS)
Epiglottis (FS)
LumpedZones LungConductingzone (FS)
LungRespiratoryZone (PS)
Human (PS) :
CardiovascularSystem (S)
RespiratorySystem (S)
BodyEnvironMatrix (PS)

MedullRecvSendCompute (S)

MediilEREGUIBETyCaRter

MedullaVasomotorReg (PS)

MedullaCardioReg (PS)

. IMEduUIEREspIrREg

Manager

Federate

. iFederation -

04/27/98 17:20:17

5/6




Object Class Structure Table '

04/27/98 17:20:17

Class4

' [IRspiratory Canter (PS)

[EXpiratoryCenter (PS)

Priglimotaxic/ntégrationCenter -
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Object Interaction Table

Initiating Object

] : Receiving
Interaction Structure ] :
, - Class Affected Attributes| - - Class
StariExpiratory InspiratoryCenter ~ ;activityState ExpiratoryCenter
. R - istatis s
Ceaselnhale Epiglottis status InspiratoryCenter
InflationMaximum Lungs LungVolume Pneumotaxic/Integra
ChangeCyclelime Pneumotaxic/integraiactivitystate ExpiratoryCenter
: tionCenter - iStEtS InspiratoryCenter
Openkpiglottis Pneumotaxic/IntegraiactivityState Epiglottis
. tionCenter statis ‘
ExpiratoryCenter - ;Cyclefime
W activityState
status
CloseEpiglottis Preumotaxic/integraiactivitystate Epiglottis
) tionCenter . statis .
ConstrictBronchioles: ; BronchiolelrritantSertNone Bronchia
IrritantSensed AveolarlrritantSense: AveofarirritantSensoiNone - Preumotaxic/integra
' ’ BronchiolelrritantSere BronchiolelrritantSen:None - iPneumotaxic/Integra
LarynxirritantSensed; LarynxlmitantSensor :None Prétmotaxic/integra
- §TrachealrritantSens i TrachealrritantSens iNone —iPneumnotaxic/integrai -
TreensorActivated TracActls BodyEnvironMatrix  iNone . . -i Irachealrritantsens
o . SR o Lo PR or - SRS
- LEFACHS BodykEnvironMatrix :None LarynxirrtantSensor
BronActlS BodyEnvironMatrix {None .~ .. BronchiolelrritantSery :
‘ : . sor .
AvelActlS BodyEnvironMatrix ~ iNone AveolarlrritantSenso
ChangeArteryDiame; DilateArtery MediiliavasomotorR i BPMonitorTissues™ :AbdomParietAriL
terCommand eg ‘ : AbdomParetArR
AbdomViscArtL
AbdomVISCArnR
RenalArt
CommonCarotidAriL.
TFEeARL ™
BronchiaiArt
EsophagealArt
ExternallliacArl ™
1 SuperiorPhrenicArt
BrachiocephalicArt
o CommonCarotidArtR;
ExternallliacAnR ™
CoronaryArteryl
CoronaryArteryR
IntercostalArt
SubclavianArtR
SubclavianAriL

 04/27/98 17:21:56
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Object Interaction Table -~

04/27/98 17:21:56

bject/Area ' R :

; Interaction | iy sense/ React
Affected Attributes Parameters ‘ .
status None IR

_ |activityState )

- {activityState None R
None None - R
Cycleiime Direction IR
CycleTime CycleChange . -
status None R~
status None IR
Diameter Amount IR
None Location IR
None “ilocation . IR

. .|None Location IR

- [None Location - R

 (Status - TurnOn - LR

_ Leveltiitant ™1 - ..
Status 4 1urnOn : IR

Levelofirritant s
Status TurnOn ! IR
Levelofirntant :
Status “iurnOn ) IR
Levelotlrritant
Diameter Amount IR
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Object Interacfion Table

Initiating Object Receiving

Interaction Structure N -
Class Affected Attributes| - Class
PulmonaryArieryl
PulmonaryArteryR
MEcAAR ™
TnternalllliacAn’
. e ‘ ~ {InternallliacArR
ConstrictArtery MeédiliaVasomotorR i BPMonitor Tissues™ ;AbdomParietArnR
oodeg s T PRBAGPATISHARL
o AbdomViscArtL
" - {AbdomViscArK
BrachiocephalicArt
BronchialArt
CommonCarotidArtL
CommonCarotidArtR;
.. iCoronaryArteryl
CoronaryArteryR
v+ iEsophagealArt ]
B 1 =GP IV i ERUEE
- TExternaNiiacAiR 1 .
S TSR T
o MECRRRTTTTT
- {TntercostalAT
- PPUIonaryArteryL ™ Lo
- {PlmoRaryAreyR ] v
IRenalAr .
SuperiorPhrenicArt
SubclavianArtR
SubclavianAriL
InternallliacAnl
- : TnternallliacAiR
TissDistressTrans ‘iSympAbdomViscNViNone MedullaVasomotorRy -
:  SympEXtIliaeNy ™ " €g
SYmpSUBEIEVIERNY ‘
- . iSympEsophgNV
d SymplntilliacNV
SympCarotidNV
SympBronchialNV

TissueDistress TissDistressh [ungTisstue MetabolicRate SyinpBronchiaiNV ™
: pO2ofTissueGrp
: R pCUZ2Waste -
TissDistressg EsophagusTissue™ iMetabolicRate SympESOphgNV
: ' : pO2ofTissueGrp '

L . - ipCU2Waste
TissDistresst KidneyTissue MetaBolicRate™ iSympRenatNV
' ‘ . " pOZ6tTissteGp ‘ :

04/27/98 17:21:56 . el i 310




Object Interaction Table

04/27/98 17:21:56

bject/Area

Interaction - | | Senses React
- | Affected Attributes Parameters S
Diameter Amount .. IR
| Diameter R X
None pO2TissGip IR
Location ’
pCOZTISsGrp
whichPProb
None pO2otiissGrp IR
' pCOZ26fTissGrp
» WRICHPToblEm
Nohe POZSHTSS G 15
whichProbléem .
IPCOBITISSG
None pOZGITESGI IR
' pCO2GIISSGp '
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Object Interaction Table

o Initiating Object Receiving
Interaction Structure - )
Class Affected Attributes Class
: pCO2Waste .
TissUistresse ‘TABdomVisceraTissu iMetabolicRate T8ympAbdomViscNV
o e e IpODSHSSUSETp :
pCOWaste - .
iTigshistressd IntIlTuachcNPanetTl MetabolicRate SymplAtiliaeNv™
' ssue - ipO20fTissueGrp - :
e prO2Wasts L :
TissDistressc LowerlimbTisstie  ;MetabolicRate SympExtiliacNV
: I e (1o e 1 [T = U
v S [peu2waste s
TissUistréssb HeéadNeckSpine Tiss i pO2ot TissueGrp SympCarotidNV ™
SR ue - s * jMetabolicRate S Co
: . {pEORWESTE R :
TissDistressa UpperlimbTissue - iMetabolicRate SympSubclavianNV
R POZ6TIES e ’

R bl s IBCO2WaESTS o
DeécreaseHeartStrok VagusNV T iNoRe ™ Heart
IncreaseHeartStroke Sympafhetchardrac None™ S o iHeart -
HtrokeVolumebecr MediillaCardioReg BPHeartSysMomtor VagusNV™
HSirokeVolumelncr T MedullaCardioReg — iBPHeartSysMonitor SympathetlcCarc" iac
HeartRateCommand; ParasymIncreaseRa: VagusNV .. «iNone . iFeart .

o - . ilncreaseRate SympatheficCardiac iNone - - - “iHéart

S DécreaseRate “iVagusNv None , Heart
HeartRateTrans ParasymHeartRate! iMedullaCardioReg BPHeartSysMomtor VagusNv
TncreaseHeartRate —iMedillaCardioReg ™ i BPHeartSysMonitor : SympatheticCardiac
DécreaseHeartRate iMedullaCardioReg i BPHeartSysMonitor : VagusNV
ChémPHParasymTr Medull’RecvSendCo None™ VagtsNV
ans mpute _
ChemPHSympTrans MeduliRecvSendCo iNone ~iSympatheticCardiac
. mpute o Nerve :
RelaxTransA InspiratoryCenter  iNone PhrenicNV
o o iinteércostaNy ™
RelaxTransB ExpiratoryCenter  ;None AbdominalNv """
e ' -iIntércostalNv
ContractTransA InspiratoryCenter ;None TntercostalNy
- S PhrénicNV
ContractiransB iExpiratoryCenter - iNone AbdominalNV
x - R ' TritercastaINy "
Relax RéfaxAbdominals ™ tAbdominalNV None jAbdominal
_ IReExInternallntérco intercostalNv None Intérnalntercostals
Refaxexternallnterce IntercostalNy None Extérnallntercostals’
Re@xviaphragm  PhrenicNV None Didphragm
Contract Contractbiaphragm {PhrenicNV TiNGhe Diaphragm
[CoRtracimternalnter ntercostalNv ™ Intérnalntercostals
ContractexternalinteiIntercostalNv ™ Externalintercostals

- 04/27/9817:21:56 i
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Object Interacfion Table

bject/Area Interaction - | ¢ ey pn s
- - - | Init/ Sense/ React
Affected Attributes| . Parameters - R
, : whichProblem .
Norie e pOZSITISSGp R~
‘ ) = ipCO20tTissGrp -
-0 o+ . hWhichProblem N B
None TipO2otfissGrp iR
o o ipCOZGrissep o
S whichProblem B
Noné pOZofTissGrp R
SRR 1200 v.Js 4 1117 Y TP,
) .- iwhichProblem ;
None pOZ2otTissGrp IR
' : PEOGITISSGH ‘
_ . whichProblem .
None pOZoftissGrp - iR . -
o WHICRISFobl& o
I R - o0 ~/c1 1 1 ¢ - e S
.- ‘StrokeVolume - Amount - . L EHIR
| StrokeValurie - jAmount - - - . -, . JR -
S INBRE T EAROUNE e SR
- |None T AmGURE T s AR -
‘[HearRate TERROURE IR
. [HeartRate - TEAmount T IR e
HeartRate o ciAmount LIRS
NGfE ™" Rmount o R , S i
Noné Amount R Sl B
None Amount IR - o
None ] DecreaselndV R
' ' pecréaseinHR
None IncreaseinHR IR
) ' IncreaselnSV
None : Amount iR
None : rrAmount TR
N&fie AfouRt IR
None™ ™" ) Amoant IR
ConfractionLevel”  jAmount R
ContractionLevel Amount 3R
ContractionLevel ™ iAmount IR
ContractionLevel jAmount . . {IR . ‘ .
" [ContacioRLevel ARGt~ IR : S :
Contractionlevel  TAmount - iR : -
ContractionLevel Amount S R

.
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Object Interaction Table

- ~  Initiating Object Receiving
Interaction Structure : - _
: ;. Class Affected Attributes| - Class
" iContractAbdominals :AbdominalNVv None Abdominal
ReturntoNormalpOZ : VagusNV None MgduIIaCardloReg
. IGlossopharyngeaNs .- N ' v
LowpO2 VagusNV . None ~iMedullaCardioReg
; (Sl6ssopharyngealN™ - e
IncreaseBP GlossopharyngealN iNone MedullaCardioReg
VagusNV i s
DecreaseBlP VagusNV None iMeduliaCardioReg
; : . Glossopharyngea™ - ' ,
Manager.Federate :Alert Federate None . Federate
Objectinformation ™} Federate "iNone Federate
»'P&"Sl‘lshmgCIass: nggréte : T “iFederate
: 'Subscrl”blngCIas_s';: Federate “i{Federate”
: Manager.Federate. Sérv:ceLogArgume Federaté : Fe‘derat'e .-
-|ServiceLog nts oo e
Manager.Federate. | ReégquestPublicatio iFederate None Federate
Action RequestSubscripti'jFeéderate None Fédérate
SetTiming Federate None Federate
RequestObjectinfor Federate None Federate
ModityAttribiiteStat Federate None Federate
e
Control Fedarate None ™ Federate
Manager.Federate. DoReslgnFederaﬁo Federate None ; Federate
Action.RemoteServiljoDeleteObject —jFedeérate T iNone T Féderate
icelnvocation I T R N R : R

- 04/27/98 17:21:56 -
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Object Interaction Table

blect/Area Interaction

Affected Attributes| ~ Parameters E

ontractionLevel Amount R
[BPHEarSysMonitor i pO2Value IR

Init/ Sense/ React

_|BPHéartSysMonitor jpO2value . IR

BPHeartSysMonitor ; Amount : R
. ' .. jlocation TR PR
BPHeartSysMonitor i Amount IR o
None - TiAlertSevernity IR
- AlertText ‘
ATertI T
[N&Re ~*OBjectty
- S .- iLockeédAttribiites™
RégisteredClass
, N ... iKepresentedCIass
L [None T jObjectClass _
e T finteractionClass ™
[None - " ..~ 10ObjectClass
S e R InteractionClass T
[NeRe™ T HaRdle
I RO 'H'a‘ﬁ‘d[é'2”’"f“”";’f"“’ff‘f’
-~ iHandleset T ]
ObjectibarCatint
TagorLabelOrNam
Time
Enumeration
Hoolean
None ~“iNone R
Nohe None ™ IR
None FedRéporiPériod (IR
TimeReportPeriod ™
: ObjéctReportPerio :
None™ ~ OBjectiD IR
Norie Objectiy R
Attributeld™
. - iITokenState ™
None SetServicelogging ;IR

©..  |None ResignAction IR .
"~ [None Objectity
RN O TTime

Tag

04127198 17:21:86 a0




Object Interaction Table

‘ . - - Initiating Object - - : Receiving
Interaction Structure . . S 1.
S “7 Class . ~ - |Affected Attributes| ~ - - Class
DoSetlLookahead ;Federate — . iNone : Federate
DoSeéttimeConstraiFederate ™ None™ . iFederate
BoturnRegulation iFederate - “iNone Federate
DoTurnRegulation jFederate . ~iNone - . .. . iFederate

| 04127/9817:2157 -




Object Interaction Table

bject/Area Intéra ction - T
I ) Init/ Sense/ React
Affected Attributes| = Parameters - o
None Tookahead - R
- INGhie State ™ W
None None IR
None None IR

10/10 -




Attribute/Paraniéter Definitions

Object/interaction

- -Attribute/Parameter ’

o Datatype

Cardinality

NervousDuctwork Transmissionkactor double 1
Heart HeartRate “idouble i1
StrokeVolume -igouble - 1
.. iCardiacOutput - double 1 .
- iPeripheralKesistanceTotal idouble 1
ForceOfContraction double 1
BlooaPressure - :double -1
Lungs LungVolume - idouble S
InternallLungPressure double 1
OverallAirwayKesistance  :double - - it
Tidalvolume doubie 1
DeadAirSpace double 1
RespiratoryRate double 1
LungCompliance float 1
InspiratoryCapacity itoat 5
VitalCapacity oAt , S
TotallingCapacity . - . iffoat -5 oo cn. i1
- iInspiratoryReserveVolume float 1.
‘{EXpiratoryReserveVolume :float - ST
- = ST iResidualVolume T iloat - i
IrritantSensor . - Silecation e oo oo SHING PR
T Stafus X T istAng T
- |TissueGroups .. iMetabolicRate So.idouble” e e e
PP a ipCO2Waste . .. " idouble ;.- i1 »
pO2Demand double ™ 1
- iPeripheralResistance -idouble i1
O2EXxtractionCoefficient double i
PercentCardiacOutput fioat 1
pO2ofTissueGrp “ifloat 1
Epigloftis status string 1
Human HemoglobinBindingPercent ifloat . 1
Age double 1
Weight double 1
Temperature float ) 1
HumanState HumansStateData 1
ShuntFactor double 1
ArteryinBoay pOZIn double 1
FlowRate double T
Diameter double 1
, pCOZIn foar 1
Aorta pO2in double 1
{pCo2In double ]
" iFlowRate -jdouble i1
: : o .iDiameter = jdouble ... 1
“fVeininBody - FlowRate - idouble B &
Diameter double 1
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Attribute/Parameter Deﬁnifiohs' S

Units Resolution . Accuracy " Accuracy Condition
N/A S . hundredths perfect always
mverse time (per minute)  Thundredths perfect always
il - “Rinaredths perfect Aways
ml/min Rundredths™ perfect - always
Rt - iperfect aiways
tenths - iperfect Tjalways
mm Hg hindrédths perfect always
cm3 tenths perfect always
pertect always
T perfect - always
ml tenths pertect always
il ; tenths™ - perfect always
invéerse time (per minute) - ;tenths perfect always
Licm H20 hundredths _iperfect always
il tenths “ipertect Tialways
mi tenths . iperiect ) always
_ml itenths . ospertect o always
. . jtenths . - sipertect . -ialways
m - itenths - pertect en o ialways
mi ~itenths : . -ipertect - oooialways o
N/A™ T INIAT - ipertect CLialways e e
K7A TINIA perfect T always T
- £ TR Ciperfect e always
mim Hg Rundrédths ™ -~ Tiperfect - always
_{mmHg Rundredths ™~ o ipertect always
, - “iperfect always
perfect always
percentage tenths - jpertect always
mm Hg tenths pertect always
N/A N/A pertect always
percentage tenths perfect - . jalways
perfect always
. perfect always
~ |degrees Farenheit tenths periect always
N/A N/A™ - iN/A N/A
percentage tenths ‘iperfect always
mm Hg tenths periect always
tenths perfect - always
Thim tenths perfect Aways
fim Hg tenths perfect “ialways ™
pertect .-ialways
perfect always
periect always
R pertect ... - always
g - T perect T ~{always
itenths - jpertect always

" 04/27/98 17:2544 - -
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" Attribute/Parameter Definitions " '

Update Type Update Condition TrahsferablelAcCeptable ' Updateable/Reflectable
tatic N UR
[Conditional If'changed TA UR
[Conditional Uppon ¢hange TA UR
Conditional Upon ¢hange ™ TA UK
Conditional Upon change TR TIOR™
Conditional Upon change TA UR
Conditional ¥ ¢hanged TA UR
[Conditional Upon change TA UR
Conditional Upon change TA UR
[Conditional If'changed TA UR™
Static TA UR
Static . : TA UR
. |Periodic Every cycle - TA UR
Static S TA UR
Static CHIA - 1UR
Static TA UR
static Y- UR™
stEtie IR TTIURT
Static ™ 7 UK
Static™ TR R TTTTITTT
AR (17 - ——— T e TINTT ORI
- [Conditional Upon change S e UR™ ™
[Conditional . i changed -l TN UR™ T
Periodic - iEvery cycle . - AN UR - e
fConditional EVery cycle TN UR : :
[Conditional If'changed TN UR
static N UR™
[Conditional If'changed N UR
[Conditional If'changed N UR
[Conditional If'changed N UR
Static “iN © UK
Static N (iUR
Static N UR
[Conditional If changed N™ T{UR
[Conditional If'changed N UR
Static N UR
Periodic Every cycle 1A UR
[Conditional If'charnged TA UR
fConditional F'changed TA UR
Périodic EVery tycle TA UR
Periodic Every cycle TA UR
Periodic Every cycle TA UR
[Conditional IF éhanged TR UR
Conditional fF'changed TA™ UR
[Conditional TFehanged T TA™ ™ 3 10) - gugpe
jConditional Upon change TA UR

i Q4127198 17:25:44 -
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Aﬂributé/Pérametéf Definitions o

Datatype

Object/Interaction Attribute/Parameter - Cardinality
pOZOut ' float
. pCO20ut fioat -
[Pharynx Diameter tioat
Larynx Diameter float
‘frachea Diameter float
Bronchia Diameter : S float
SpinalColumn CerebrospinalFluidFH double
NasalCavify NasalCavityVolume double
FlowRate - : float
“ThoracicCavity “ITRoracicCavityvolume - - ifloat
PleuralCavity PleuralCavityVolume double
Abdominal ContractionLevel double
Externallntercostals ContractionLevel float -
Internalntercostals ContractionLevel double
Diaphragm ContractionLevel - double
LungConductingZone AlrwayResisiance double
. [LingRespiratoryZone - jpO2staleBlood “Tidouble o
A . ipto2staletiood “idouble T v
“ipO2InspiredAir “idouble T s
pCOZInspiredAir . : - double

- ICO20iCoeff

~ToUBIE

PR R RIS R DR ST P S SR R Y QR S SRR QU S QU QU i G B e e e e e e L L e e R e e e e e e e B e e B e

O2DHCOEr TTidouble T
POLOTE double ™ ‘
- {poZout TTTdouble '
- [ONGRVerse T HIGEE
MembraneSurfaceArea - - ifioat
MémbraneThickness fioat
AveolarVentilationRate doubie
BAROAorticArch [ocation double
: Status double
BPChange double
) - DirectionBPChange string
BAROCarotidSinus Location string
Status string
BPChange double
| iBrectionBPChange string
MedulPHRecpt “ilocation : string
pHCerebroSpinaiFiuid doubie
Status string
CarotO2Recpt Location string
502 double
S Statis sting
AorticOZ2Recpt - Location string
- e p02 double
Ce - {statis sting
HeéartValves Position string

... 418




 Attribute/Parameter Definitions

04/27/98 17:25:44 -

Units Resolution .. Accuracy Accuracy Condition
mm Hg fenths perfect always
mm Hg tenths perfect always
mm tenths pertect always
mm ~ - itenths -jpertect always
mm .itenths pertect - always
mm “itenths - perfect always
hundredths pertect always
cm3 ~iinteger value pertect always
mi/min integer value perfect always
cm3 integer value pertect always
cm3 hundredths periect always
percentage hundreaths pertect always
percentage tenths v perfect always
percentage hndredths perfect always
percentage hundredths _ipertect always
| pertect always
mm Hg hundredths " iperfect T ialways
mmHg .. +#- ihundredtns ~ipertect
S ImmAEg Rundredths™ TTipertect
o [mm Hg RGRdredths ™" T T pertect T
o IR A e jhundredihs T ipertect T
- [T HG ™ T TRGndredtng Tiperfect s
mm Hg tenths . eipertect L e
mm Hg tenths ~iperfect e
e pertect - always
cm2 tenths perfect always
mm integer value perfect always
L/min tenths pertect always
perfect always
perfect always
percentage Rundredths ™ perfect ialways
perfect always
periect always
: - "iperfect always
percentage thousandths _iperfect: always
perfect always
pertect always
hundredths periect . always
N/A N/A perfect always
X perfect always
mm Hg thousandths perfect always
NA N/A perfect “ialways
: , , ' perfect always
mm Hg ~ithousandths Cperfect T T jalways
.. 3 -iperfect - always
N/A N/A pertect - always
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Attribute/Parameter Definitions

Update Type " Update Condition 1 Transferable/Acceptable Upd’ateable'IReﬂectable
eriodic Every cycle TA UR

Periodic Every cycle TA UR

Static TA UR

Static CATA UR -

Static - TR UR
[Conditional If changed TA UR
" [Conditional I changed TA UR

Static . N UR
[Conditional If chariged N UR
[Conditional “ilf changed CETAT TTIORTT
[Conditional I'changed TA UK
[Conditional If'changed N URT
[Conditional If'changed N THUR
[Conditional If changed N " TUR
[Conditional ~ilf changed N TiORT
FConditional fFehanged - TITA UR

Periodic EveryCycle ™ . SN 1 ] = S

~-[Pericgic .. - L ciEverycycle oo CAURT T

" [Perigdic™ “iEvery Tyl TTHORTTT
Periodic EVEry Cycle ™ " THORTTT
Static R g UR PRI
Static T SURTTTTTTT
Periodic Every Cycle TR
Periodic Every Cycle - - {UR '
Static . JUR

Static : : CETA T iUR
[Conditional If'changed TA UR

Periodic Every Cycle CiIA UR

Static . N UR
Conditional Upon change N UR
[Conditional Upon change N THORTT
[Conditional Upon ¢hange N UR

Static N~ UR™™™
[Conditional Upon ¢hange N™ TUR
[Conditional "tUpon change N TTUR
Conditional Upon change N UR

Static : —-iN UR
[Conditional Upon change - —iN UR
[Conditional Upon ¢hange N UR

Static N UR
[Conditional Upon change N™ UR
[Conditional Upon change N~ UR

Static I I | UR
[Conditional Upon change - 7. - iN - TiUR
[Conditional Upon change INTTETT THUR
[Conditional If'changed N "TUR

. 04127/9817:25:45 ~ . - -
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Attribute/Parameter Definitions -

Object/Interaction Attribute/Parameter - | * " Datatype " ~Cardinality .
eariChambers ~iHeartChambervolume tloat 1
EfficiencyofContraction double” T
pO2in double 1
pO20ut . idouble i
pCO2In -+ idouble 1
. pCO20ut double 1
MedullaVasomotorReg status string 1
activityState string 1
v : BPMonitorTissues string 1+
IMedillaCardioReg "istatus ~istARg 17
: i " factivityState string 1
_ iBPHeartSysMonitor “istring T+
MédullaRespirReg “istatis™ string 1
o : activityState any - 1
InspiratoryCenter CycleTime fioat - T
ExpiratoryCenter Cycleiime ifloat 1
MeéduICOZRecpt ~~ iLocation . " isting - T
e R PSRRI TS IRG s T
B - s PR pCO2Z - i Jifoat - e s IR &
- IodyERviRMETR T ESRalTemp T Tidouble - L
B R " AirPréssure - - double T
Altittde™ 5 Tadouble T T T i
-+ . -ilocationData - hocationXY v e e T
T ATy T deuBle T T T
 AifComponents ~iAirConstitiientPercent 1
BodyAftectors string TR
Federate FederateHost string 1
FederateHandle string 1
FederateState string 1
FederateName string 1
Rilversion string 1
TimeManagerState string 1
- {Federatel.ookahead string i1
FederateTime string i
TimeConstrained string 1
- iTimeRegulating string 1
FIFOlength ~istring 1
T50length —oTistring 1
DegqueuerlFOasync string 1
- ITetalObjectCaiint string 1
HoldirigTokensUbjectCouistring 1
DeletedObjectCount - istring 1
NumAttributes - istring . . 1
B R iNumParameters - .- istring - - 1
Féderation FederationName - .istring - o 1™
 FederationState string - 1




- Attribute/Parameter Déﬁnitiohs'

04/27/98 17:25:45

Units ~ Resolution , .~ Accuracy " Accuracy Condition
cm3 . infeger value . wiperfect . - always
percentage integer value perfect always
mm Hg tenths pertect always
mm Hg tenths perfect always
mm Hg tenths periect always
mm Hg thousandths perfect always
N/A N/A iperfect - always
N/A N/A perfect always
N/A N/A perfect always
N/A N/A . ipertect always
N/A NA" - iperfect always
N/A GN/AT pertect aiways
N/A N/A pertect . always

. perfect - always
sec tenths pertect always
sec tenths perfect jalways
N/A N/A pertect . always
N/A™™ CEINJATT LT . iperfect s Lo v s jalways T
R HG T NS e EPRIIECT e always — .z ..
- . |dégreés Farenheit “iinteger value ..o - i ..ipertect T s jalways L e
mm Hg integer value™ . perfect T T A ways T
m integer value™ -7 5 perfect .. . “ialways -
IN/K CEINIAT . INIA N/A
. Ty TR Tiperfect always .
LI7 1/ — TTINIRTTT N/A t
‘|mmHg tenths ..-iperfect .. always
perfect - -jalways
perfect always
perfect always
perfect always
perfect always
perfect always
perfect always
perfect always
perfect always
perfect always
perfect always
pertect always
-ipertect always
perfect always
perfect always
- iperfect always
“ipertect always
pertect -ialways -
perfect always
perfect always
8/18




. Attribute/Parameter Definitions ©~ .

Update Type Update Condition Transferable/Acceptable | Updateable/Reflectable
[Conditional Every Cycle - ~iN UR
[Conditional B N UR™
[Conditional N UR
fConditional N” UR
fConditional —iN UR”
Conditional ) N UR
[Conditional Upon change TA UK
fConditional Upon change TA™ UR
Conditional It changed N UR
Conditional Upon change 17y TIUR™
[Conditional Upon change TA UR
Conditional It changed N CIUR
[Conditional Upon change TiTA TTOR
Conditional uUpon change TA CiUR
Conditional If'changed iIN UR
[Conditional If chariged N UR
- [static e ~iN T TURT
[Conditional TiUpon change N ORI
[Conditional ™ . - - T{Upon change S THORTTTET
;... “[Conditional Wehanged —. - Lo oo IN TR
- [Conditional ™ ~HFehanged T TN ORI
- [Conditicrial Ifchanged ™ iNT ORI
. [Conditional f'changed - - AN TR T
" [Conditional - lichanged . - TINT THORTTTT "
 [Conditional fchanged TINTT UR
fConditional IFchanged ™ SN TUR™
Conditional T iN UR
Conditional N UR
[Conditional N UR
[Conditional N UK
[Conditional TiN UR
Conditional N UR
[Conditional N UK
[Conditional N UR
[Conditional N UK
[Conditional N UR
[Conditional N TTHUR
Conditional N UR
[Conditional N "iUR
[Conditional N UR
[Conditional N UR
[Conditional TiN TUR
|Conditional N UR
_[Conditional —iN UR
fConditional I UR™
[Conditional N UR

9/18




Attribute/Paramé‘t‘éf Definitions ~

Object/Interaction - . Attribute/Parameter | - -’ Datatype * T Cardinality'
FederatesinFederation string 1
SavelsScheduled™ - istring 1
SehediuledSavetime -~ istring 1
co (IRTIversion ™ T jstring i1
ChangeCyclelime “iDirection . . . istring 1
' e - iCyeleChange ot 1
ConstrictBronchioles Amount : float i1
TissDistressTrans pO2TissGrp T float 1
: . Location : string 1
. IpLORTISsGp T HiGAY 1
whichProb R string 1
DecreaseHeartStrokeVolum: Amount : : float 1
IncreaseHeartStrokeVolum : Amount A ~“idouble - 1
HStrokeVolumeDecrTrans i Amount “iloat 1"
HStrokeVolumelncrirans  ;Amount . ..idouble 1
ChemPHParasymlrans DecreaselnSV tioat 1
© . iDecreaselnHR -~ ... . ifloal . . - 1
ChémPHSympTrans . .. iincreaselnHR™ .- float =+ i 1
O I R | 7= 1-1-) (111 A <" S &
‘fRelaxTransA . ST Amount T s e s fdouble e 1
- |RelaxTransbB .+ . jAmount - .. idouble - i1
CoRtraEtIFERs AT T Amount SERENIE T Y15 i -
ContractiransB Amount . oo jdouble T :
 {ContractDiaphragm " fAmount . o double 1" .
. [ConfractinternalintercostalsiAmount™ .~ - - ... idouble 1
ContractExternallintercostal {Amount - : .. ifloat 1
ConfractAbdominals Amount , double 1
RelaxAbdominals Amount double 1
RelaxInternalintercostals  : Amount C . double 1
" IRelaxExternalintercostals”  Amount float 1
RelaxDiaphragm Amount . double i1
ParasymHeartRatelncrease: Amount float 1
IncreaseHeartRate Amount : double 1
DecreaseHeartRate Amount™ .- idouble 1
ParasymincreaseRate Amount o float™ 1
IncreaseRate Amount : double 1
DecreaseRate Amount double 1
DitateArtery Amaount : . double 1
ConstrictArtery Amount - - - idouble 1
RefurnToNormalpO2 pO2Value float 1
LowpO2 - pO2Vaiue - idouble 1
IncreaseBP - ~ iAmount ‘ double 1
' . Location . . istring 1
DecreasesP T AROGRAE T dGuble T 1
: S s jleegtion e e o isting T
AveolarlrritantSensed “iLocation ce oo istring 1
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Attribute/Parameter Definitions

Units " Resolution * .- | . Accuracy Accuracy Condition
ipertect . always
“iperfect - always
pertect . always
B ~iperfect always
N/A N/A perfect always
sec tenths -~ iperiect always
percentage tenths . perfect always
mm Hg tenths perfect always
N/A GNIATT perfect always
mm Hg tenths - periect - always
N/A N/A pertect - always
percentage tenths .. iperfect always
percentage tenths -ipertect always
percentage tenths pertect - always
percentage tenths iperfect always
percentage tenths perfect always
percentage ~jperfect always
- |percentage - tenths™ T ipertect always :
i - [pércéntage tenths™ TTiperfect T TTAIWEYS T
percentage . THenths™ s-iperfect o v L ralways oo ne
percentage . “itenths . < iperfect - Chialways s e
percentage ‘- - tenths - - - ipertect i S 1AIWAYS et T
percentage . “itenths ~iperfect .U “jalways .
: “Tiperfect o always - .
, an “iperfect - always
percentage ‘itenths perfect _rialways
- jpertect : always
percentage tenths perfect always
percentage tenths perfect always
percentage tenths perfect always
percentage tenths perfect always
percentage tenths pertect always -
integer value perfect always
integer value perfect always
percentage tenths pertect always
integer value perfect always
integer value perfect always
percentage hundredths -~ perfect always
percentage " Rundredths™ perfect always
mm Hg tenths periect always
mm Hg tenths perfect always
percentage _ tenths perfect always
N/A N/A - jpertect aiways
percentage -itenths perfect always
NIA /A perfect "ialways
N/A N/A™ perfect - always




Attribute/Parameter Definitions -~ -

Update Type Update Condition ;5" Transferable/Acceptable | Updateable/Reflectable
Conditional N UR
Conditional N UR
Conditional N UR
[Conditional N UR™
N/A N/A N/A N/A
N/A TINJA N/A N/A
N/A iN/A N/A —iNIA
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A

- {N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A TENTA N/A
- INJA NIAT - iNJA LT
- [NJA™ CANIATTT T CONIAT e
N/A CINTAT T P )/ e ST
N/A™ CINJAT e NI
N/A N/ CINIAT
N/A N/A N/A GANIAT
N/A CINTA N/A TINIAT
N/A N/A N/A . GNIAT
N/A N/A N/A AN/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A CiNFA N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A “TiNIA
N/A T INJA N/A CINTAT
N/A NJA “INIA FNTAT
N/A TIN/A N/A N/A
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Attribute/Parameter Definitions

Object/Interaction - Attribute/Parameter ' Datatype - - - Cardinality
BronchioleirntantSensed  :Location string 1
Larynx|rritantSensed Location string . 1
TrachealrritantSensed Location string 1
TissDistressh pOZ2otiissGrp ~float .. i1

ipCO20fTissGrp float™ - - 3T
. whichProblem string 1
TissDistressg pO20tTissGrp “itloat - 1
whichProblem string 1
pCO20ot1issGrp float L
TissDistressf T ipO20fTissGrp fioat . i1
- IpLOZoTISSGp float 1
whichProblem string 1
TissDistresse pO20tTissGrp float NN
) : pCO20otTissGrp float 1
whichProblem string 1
TissDistressd pO2otTissGrp float 1
PCO2BTIssGp T HeEt S & I
. e L “iwhichProblem coistring e e T
- [Tigstistresse T T [ pO20f TissGip - ifloat ™ : G
e L | IpCO26ITissGip TTHGArT T
B IS - jwhichFroblem .- S isiring 1.
TissDistressb o ipO2otlissGrp - ifloat . e
R - IpLOZeTissGp T THlgat T L
] ‘ whichProblem . ~oistring e RS
TissDistressa pO20fTissGrp - Siany - 1
' - whichProblem R T
pCU2GHTissGp float 1
TracActlS TurnOn string 1
Levelotirritant string 1
LaryActlS turnOn string 1

. Levelotlrritant string 41

BronActliS TurnOn string 1
Levelofirritant string . 1T
AvelActlS TurnOn string 1

o Leveloflrritant string |

Alert AlertSeverity string 1
AlertText “istring - 1
L Alertity string 1
ServiceLogArguments  iHandleq string - 1
: Handle2 string 1
' HandleSet string 1
 ObjectiborCotint Tistring 1

TagOrLabelOrName string . - 1.
Titie CTTTTTstAnG
Enumeration . CIStAng - e e 1

Boolean string 1.

- 04/27/98 17:25:46 - -




Aftribute/Parameter Definitions .~ -

04/27/98 17:25:46 .

Units ~Resolution S| Accuracy | Accuracy Condition -
N/A N/A perfect .. ialways
-(N/A N/A perfect .. .. . jalways
N/A N/A -ipertect . ialways
mm Hg tenths perfect - - ialways
mm Hg tenths ~iperfect always
N/A N/A “iperfect always
mm Hg “itenths pertect always -
N/A N/A pertect always
mm Hg tenths perfect always -
mm Hg tenths perfect aways
mm Hg - jtenths pertect - ialways
N/A CiN/A pertect - - jalways
mm Hg tenths perfect " jalways
mm Hg tenths pertect ialways
N/A N/A perfect “jalways
mm Hg ~itenths perfect always
mm Hg tenths perfect always
o NA NA . oo, ipertect
o lmmHG THERtAS T e S pErTect e
mmHg - tentns riperfect
T PO R perfect -
- {mm Hg S itenths ~.- iperfect .:
- [mm Hg “ftenths ™™ S ipertect
N/K™ )/ . “iperfect T
- . pertect - -
N/A N/A B pertect -
mm Hg thousandths perfect
7Y 7K pertect
N/A N/A perfect
“iperfect always
N/A N/A pertect always
N/A N/A perfect always
N/A N/A perfect always
perfect always
N/A N/A perfect always
perfect . . always
“iperfect . . " ialways
pertect ~ialways
“iperfect - jalways
pertect always
perfect always
perfect always
_ipertect .. - ialways -
perfect -~ ialways
perfect . jalways .
perfect always -




Attribute/Parameter Definitions ~* . -

UpdéteablelReerctable

S MK

Update Type Update Condition = | Transferable/Acceptable
N/A N/A N/A . N/A
N/A N/A NA - o iNIA
N/A N/A N/A™ o . ENIATT
N/A N/A N/A cINFAT
NIA N/A N/A N/A
N/A N/A N/A N/A
N/A N/A INIAC. SNA
N/A N/A CEINIAT N/A™—
N/A N/A N/A N/A
N/A N/A N/A CEINIA
N/A N/A N/A N/A
N/A ~iN/A NA N/A
N/A CIN/A N/A N/A
N/A N/A N/A N/A -
N/A N/A N/A N/A
N/K N/K D]/ M \I7:N
T NIK NIA N T T T TN
. | N7/ TINIA NEEEE ) W
1) G TINIK I /.
- (NI NIA = 3NIA s ANTA e
N/A N/K TINIK T INTRT
/& NI TINIATTTS B/ e
N/A SaNIAT LEiNIA S INIAC
N/A RN/K™ TNIATT _ TR
N/A N/A Con ANIRTTT T e INTAC
N/A N/A o iINTA CINJA
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A™ N/A
N/A N/A C3NIA N/A
N/A N/A N/A N/A
N/A N/K /. V7Y
N/A N/A CiNIAT N/A
NIA R/&™ TIRJA™ N7 .
N/A N/A CiNIA ~iNIA
N/A N/A - iINIA N/A
N/A N/A o iNTA ~iNTA
N/A N/A - INIA N/A
N/A N/IA N/A NIA
NIA N/A N/A N/A
N/A N/A N/A iNJIA
NIK TINIK YR NIK™
N/A N/A . NIA e o iNIAT
N/A N/A NIR . i e - ENTAC
N/IA N/A N/A N/A
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Attribute/Parameter Definitions = . -

" Datatype -

DequeteFIFO =

string

Object/interaction . Attribute/Parameter : | . L Cardinality
[Objectinformation - - ObjectlD . istring - - T
e LockedAttributes “istring - - 1
RegisteredClass string i1
RepreésentedClass - isfring L
PublishingClass ObjectCiass string 1
) - fintéractionClass string - 1
SubscribingClass ObjectClass™ string AL
o InferactionClass string 1
SetTiming FeédReportPeriod - - - ~istring - BE
. TimeReportPeriod string . 1
. . . ObjectKeportPeriod - :istring 1
RequestObjectinformatio ;ObjectiD - -istring i1
ModifyAttributeState Objecti sfring T
’ . " iAttributelD string 1
: TokenState string 1
DoResignFederationExec iResignAction string 1
DotieleteObject Objectin™ “istrng ~H
. Gl e e ETIMe - istrng ; o
e et e YA T "istring - B
DoSetlookahead - .~ jLookahead string 1
DoSettimeConstrained — iState™ - oo stiing ;
Centrol T T SetS ervicelLogging string - T
P T . iSetlogrile™ "™ string gL
DeleteObject string TS
1 Lo




_ Attribute/Parameter Definitions - .~ L.

Units

. Resolutibn ;ﬁ‘.»

- Accuracy Condition

—ialways

always

always

Cralways

always

always

“ialways

always

afways ™

always

-ialways

always

always

always

always

“ralways

always

always o

“1always

always

Salways

. ialways RO

always

always™ :

always "




Atiribute/Parameter beﬁnitions S

Update Type - Update Condition TrénsférébleIAcceptable 'UpdateableIReﬂectable

N/A N/A—— —iNTA —iNTA
N/A N/A NIA N/A
N/A N/A N/A N/A
N/A N/A N/A NIA™
N/A N/A N/A - iNIA
N/A N/A - N/IA CiNIA -
N/A N/A o iNIA - iNIA
N/A N/A N/A . N/A
N/A N/A NIA .- S GNIAT
N/K NIK NIK TINIK
N/A N/A NIA NIA -
N/A N/A N/A N/A™
N/A N/A N/A ~ EINIA
N/A N/A N/A- . < iNIA
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A . NIAT N/A
N/A NTA o s o INFA =~ INJIA:
N/A e ANFRACR SINIA e SNIAC

o INIK™ S 1/ ge ). peonr “INTA™

Ve [NIKTTT B 1) S INIRT NIA

S [NIKT NI e T N INIKT
N/K NIK—— TINIKT NIK™™
NIK 117 g—— CINIATS
N/A N/A SINIA N/A -




Enumerated Datatype Table

Identifier

Enumerator

Representation

HumanStateData

Alive

Dead

04/27/98 17:35:26
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Complex Datatype Table

%‘;’:;?;:xe ;'::e Datatype |Cardinality Units |Resolution] Accuracy ézﬁ"é::?r"
ocationXY: X float 1 m integer valus pertect always
Y float 1 m integer valu perfect always
[AirConstitli i COper float 1 percentage:integer valu perfect always
entPercent iArgonper i Ioat 1 percentageiinteger valu pertect always
OZper float 1 percentageiinteger valu perfect always
CO2per ifloat 1 percentage;integer valu pertect always
NZ2per float 1 percentage;integer valt periect always

04/27/98 17:36:02
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Component Structure Table

Class

Component

Component

arynx

Epiglottis

CardiovascularSystem

Heartvaives

Heart

HeartChambers

HeartValves

HeartChambers

CardiovascularDuctwork

Heartiissue

RespiratorySystem

ThoracicCavity

Réspiratoryliuctwork

LiRgCandictngZone

LliingRespiratoryZone

LiRgs

LingRespiratoryZone

LungConductingZone

Lunglissue

LungTissue

PletralCavity

RespiratoryMuscles

04/27/98 17:36:54
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Associations Table

Class Association Class
AorticOZRecpt MemberPartnerA VagusNV {Transmit info from s{
CarotOZRecpt MemberPartners GlossopharyngealNVv
BAROAorticArch MemberPartnerC VagusNV
BAROCarotidSinus MemberPartnerD GlessopharyrigealNy
MedulPHRecpt AssocStructureA MedullaCardioReg
SympAbdomViscNV Servest AbdomViscArtL
SympatheticCardiacNerve Serves2 Heart
[ SympBronchialNy Servess BranchialArt
SympCarotiaNV Serves4 CommonCarotidArtL
SympEsophgNV Servesd Esophagus lissue
 SympEXtIiacNY Sérvest ExternallliacAriR
[SympintilliacNV Serves? InternalllliacArtC
SympRenaliNy Serves RénalArt
SympSubclavianNV Serves9 SubclavianArtl
AbdominalNV Serves1l AbdomParietArtl.
GlossopharyngealNV Serves11 Heart
TntercostalNy Serves12 IntercostalAnt
PhrenicNV Serves13 Diaphragm
VagusNV Servesia Heart
PhrenicVein Drains1 Diaphragm
AzygosVein Drains2 Esophagus tissue
CoronaryVeinR Drains3 Heartlissue
CoronaryVeinL Drains4 HeartTissue
[ExtérnallliacvVeink Prainsb LowerlimbTisstie
[ExternalllliacVeinl Drainst LowerlimbTissue
HepaticPortalVein Drains? AbdomVisceraTissue
TnternalllliacVeint Drains8 TRtiEeViseNParetTisstie ™ |
[ TnternalliiacVeink Drains9 IntiiacViscNParietTissue
JugtilarVeinst Drains10 HeadNeckSpineTissue
JugularvVeinsk DrainsT1 HeadNeckSpineTissue
SubclavianVeinL Drains12 UpperLimbTissue
SubclavianVeink Drains13 UpperLimbTissue
InferiorVenaCava Transports1 HepaticPortalVein
SuperiorVenaCava TransportsZ AzygosVein
LungRespiratoryZone PulmonaryRto PulmonaryArteryL 2
LungRespiratoryZone PulmonaryRt/ PulmonaryArteryK 2
AtriaRight PulmonaryRt1 InferiorVenaCava
InteriorVenaCava FormedBy1 InternaifiiacVeinl.
BrachiocephalicvVeinL FormedBy2 SubclavianVeinL
BrachiocephalicVeinR FormedBy3 SubclavianVeinR -
VentricleRight PulmonaryRtZ AlriaRight
Pulmonary Trunk PulmonaryRt3 VentricleRight
PulmonaryArteryl 2 PulmonaryRt4 Pulmonary Trunk
PulmonaryArteryR 2 PuimonaryRto Puimonary Frunk
PulmonaryVeinsL. 2 PulmonaryRt8 LungConductingZone
PuimonaryVeinsk 2 FuimonaryRtd LungRespiratoryZone
Atnaleft PulmonaryRt10 PulmonaryVeinsL 2

04/27/98 17:37:52
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Associations Table

Class Class Class
AbdomViscArtR AbdomViscera lissue
HeartTissue CoronaryArteryL CoronaryArteryR
LungTlissue
CommonCarotidArtR HeadNeckSpineTissue
EsophagealArt
ExternallliiacArtC LowerlimbTissie
TnternalliacArtR IntllliacViscNParietTisstie
Kidney lissue
SubclavianArtR UpperLimbtissue
‘Abdominal AbdomParietArtR
Internalntercostals Externallntercostals
SuperiorPhrenicArt
Internalntercostals Externallntercostals LungTissue
PhrenicVein RenalVein
BrachiocephalicVeinR BrachiocephalicVeinL
SuperiorVenaCava CoronaryVeinR CoronaryVeinR
TnternaillliacVeink ExternallliacVeinR ExtérnalllliacVeinl -

JugularVeinsL

Jigtilarveinsk
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Associations Table
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Associations Table

Class Association Class
AlriaLeft PulmonaryRtT1 PuimonaryVeinsl 2
VentricleLett PulmonaryRt12 AtriaLett
Aorta PulmonaryRti3 VentricleLett
Pulmonary Trunk PulmonarySC1 CoronaryVeinR
PulmonaryArteryl. 2 PulmonarySC2 Pulmonary Trunk
PuimonaryArteryR 2 PulmonarySC3 Pulmonary Trunk
LungRespiratoryZone PulmonarySC4 PulmonaryArterylL. 2
LungRespiratoryZone Puimonarys>Cb PulmonaryArteryR 2
PulmonaryVeinsL 2 PlilmonarySCs LungRespiratoryZone
PulmonaryArteryR 2 PulmonarySC7 LungRespiratoryZone
Aorta PulmonarySCa8 PuimonaryVeinsl 2
Aorta PulmonarySCY PulmonaryArteryR 2
AorticArch SystCircDel Aorta
DescendingAorta SystCircDel2 Aorta
AscendingAorta SystCircDel3 Aorta
CoronaryArteryL SystCircUel4 AscendingAorta
CoronaryArteryR SystCircDel5 AscendingAorta
BrachiocephalicArt SystCirchele AdrticArch
CommonCarotidArtl. SystlircDels AorticArch
SubclavianArtL SystCircUel8 AorticArch
CommonCarotidArtR SystCircDet9 BrachiocephalicArt
SubclavianArtR SystCircDel10 BrachiocephalicArt
AbdomParetArl SystCircDel11 DescendingAorta
AbdomParietArtR SystCircDel12 DescendingAorta
AbdomViscArtL SystCircbel13 DescendingAoria
AbdomViscArtR SystCircDel14 DéscendingAorta
BronchialArt SystCircDel15 DescendingAorta
EsophagealArt SystCircDel16 DescendingAorta
TiliacArtC SystCircDel1? DéscendingAorta
TilracArK SystCircher s pescendingAorta
IntercostalArt SystCircDel18 DescendingAorta
RenalArt SystCircDel20 UescendingAorta
SuperiorPhrenicArt SystCircDel21 DescendingAorta
TntérnalliiacAntC SystCircDel22 TIacAHL
ExternalllliacAriC SystCircDel23 MiacArL
[ExternallliacArtR SystCirchel24 MiacArR
TRterRallliacARR ™™ TTTTSystCircDel25 TliacARR
AbdomVisceraiissue Suppliedt AbdomViscArtL
AbdomVisceralissue Supplied2 AbdomViscArtR
Diaphragm Supplied3 SuperiorPhrenicArt
EsophagusTissue Supplied4 “;EsophagealArt
HeadNeckSpineTissué Siipplieds CommonCarotigdAril.
HeadNeckSpineTissiie Sippliedd CommonCarotidArtR
HeartTissue Supplied? CoronaryArteryl
HeartTissue Supplieds CoronaryArteryR
TntliiacViscNParietTissue Suppliedd TnternallliacAriR
TntihacViscNParietTissue Supplied10 TnternalliacArC
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Associations Table

Class

Class

Class

CoronaryVeinL

InferiorVenaCava

SliperiorvenaCava
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Associations Table

Class
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Associations Table

Class Association Class

idneyTissue Supplied11 RenalArt
LowerlimbTissue Stipplied12 ExternalilliacArtl
LowerlimbTissue Stpplied13 iExtErnallliiacArtR
Lunglissue Supplied14 BronchialArt
UpperLimbTissue Supplied1s - “i1SubclavianArtk
UpperLimblissue Supplied16 SubclavianArtL
ExpiratoryCenter iReciprocal i InspiratoryCenter
Pneumotaxic/IntegrationCenter: MonltorlentegrateS MedullaVasomotorkeg
Pneumotaxic/IntegrationCenter; Reset ExpiratoryCenter
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Associations Table

Class

Class

Class

IMeduliaCardioReg
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Object Class Definitions

Term Definition
MedullaRegulatoryCenter : The functional view of the medulla as a regulator of important body functions invoiving
OrganicDuctwork organic conduits in the body
NervousDuctwork nervous system fiber (nerves)
RespiratoryDuctwork conduits in the respiratory system
Cardiovascularbiictwork ™ iconduits in the cardiovascular system
Organs Body parts that are usually classed as organs
Heart ‘The pump of the body. It has components.
Lungs major organ of respiration
OrganicRCPTRS organic type sensors in the body
ChemoReceptor sensor to sense pH or pO2 or pCOZ Tevels in the blood or cerebrospinal fiuid
BaroReceptor §ensor to sense pressure changes in arteries
IrritantSensor Senses physu:ai irrritant, such as ash particle.
TissueGroups Body tissue arranged by groups and defined according to what artery feeds the tissue
Cavities Body part involving a spatial fegion which is connected to another by an opening
Chambers B6dy part region involving open or semi-open space which may be filled
Valves body part mimicing 2 mechanical valve
Epiglottis Unipairéd cartilege ; a part of the Tarynx, that flaps open or closed
LumpedZones Sections of the body that dre partitioned for calcufations involving some subsytem suc
-|[Human overal entity associated with the body SOM
ArteryinBody conduit which carries biood away from the heart
Aorta primary artery of the body from which all' other arteries descend, the aorta is 2.8 cm in
VeininBody conduit which carries blood to the heart
Pharynx Body part- common opening of the respiratory and digestive tracts
Larynx Body part-nine joined cartilege rings that form part of the upper respiratory System
Trachea Body part— the windpipe—a fubular part of the upper respiratory system-foliows the Igr;
Bronchia tubiilar branching passageway part of the respiratory system
SympAbdomViscNV Sympathetic nerve going 1o the abdominal viscera artery - involved in vasomotor com
SympEsophgNV Synipathetic nerve going to the eésophageal artery - involved in vasomotor commancsi
BympCarotidNV Sympathetic nierve going to the carotid arteries — invdlved in vasomotor commands
_ [SympSubciavianNV Symipathetic hierve going to the subclavian artery; involved in'vaomotor commands.

SympIntliiacNV

Synpathetic nerve going o The Tnternal Tlisc artéries— involved in vasomotor comman

[ SympEXtiliachV

Sympathetic nerve which §goes o the external illiac arteries; involved in vasomotor co

SympRenaiNy Sympathetic iérve going to the kidney artery; involved in vasomotor commands to art
SympBronchialNV Sympathetic nierve which goes to the Tung Tissue Bed artery; involved in vasomotor
SynpatheticCardiacNerve jrerve running to the Réart - Symipathetic stimulation nerve.

AbdominalNV nerve ennervating the abdominal muscle/ tissue group. important for respiration.
TntercostalNy Neérvé going 1o the intercostal muscle—~important in respiration. :
GlossopharyngealNVv nerve running to the heart

PhrenicNV nerve finning to the diaphragm-—important in respiration.

VagusNV nerve running to the heart

SpinalColumn fiervés gssociated with thé spinal column; like telephone cables

NasalCavity cavity Between the Hostils of the fose and the pharynx

TRSFaGIECEVIy """ {CaVity area of thorax in the physical htman body. Lungs’ ”iﬁéﬂa‘d'i’ﬁ this cavi isca
PleuralCavity poténtial space between the parietal and visceral layers of the pleura
UpperLimbTlissue Tissue group served by subclavian arteries, leit and right. '
[HeadNeckSpineTissue Tisslie group served by common carotid arteries, left and right.

LowerLimbTissue Tissté group served by external illiac arteries, Teft and right.
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Object Class Definitions
Term | Definition

ThiiacViscNParietTissue : 1issue group served by the internal iliac arteries, right and feft.

AbdomVisceralissue Tisstié group served by Abdom ViscArt Teft and right, the abdominal viscera arteries, le
- [Kidney Tissue ‘ Tissue group served by the renal artery.

Heartlissue Muscle tisste group that is the heart, served by the coronary arieries left and right.

Esophagus fissue Tissue group served by the esophegeal artery.

LungTissue Tissue group served by the bronchial ariery.

RespiratoryMuscles musclésiséd in inhaling and exhaling

Abdominai Tisste (muscle) served by the Abdominal Parietal Arteries, left and right.” Thisisam

Externallntercostals Miisdles involved in inspiration;elevates the ribs. Served by the intercostal artery .

Internalntercostals Muscle tisste grotip also served by the Intercostal Art, the intercostal artery. This |

Diaphragm Musdié tisste sérved by the superior Phrenic artery.  Thisis'a muscle of respiraton.

COZ5ensor Chemo sensor o sense COZTevels'in the blood or cerebrospinal fiuid.

PHSensor Sensor class to determine pH of blood or of cerebrospinal fluid.

0O2Z5ensor Géneral class of sensor to determine partial pressure of OZ.

ExternaliliacAnR

This artery serves the Tight Tower Timb.

[ExternalllliacArtl

This artery serves the Teft Tower limb.

ThtérnallliacArtR ThiS artery serves the right pelvis rand right lower back

InternallliacAtl This artery serves the Teft pelvis and Teft lower back region

THiEEATR This 18 The common Tliac artery right which s formed by the split of the descénding aort
TEcAHL This 18 the Tett common Tliac artery: it is a continuation of the descendifig aorta at the a |
AbdombParietAriL serves the back muscles and the abdominal walls on the left

AbdomParietArtR supplies the abdominal wall'and the back region on the right

AbdomViscArtL serves the Teft abdominal viscera tissues; except tor the kidneys

AbdomViscArtR artery serves abdominal viscera; right side; except for the kidneys

RenalArt Serves the kidney tissue group. .
EsophagealArt Serves the esophagus tissue group, carries oxygen.

IntércostalArt sérves the intercostal muscle tissue, carries oxygen.

BronchialArt 86ves the Ting tissiia roup, carfies oxygen.

SuperiorPhrenicArt serves the diaphragm muscle tissue group, carries oxygen

SubclavianAril THis artery s the third branch off of the aortic arch. Tt transports biood to the upper lim
CommonCarotidAriL This artery branches off of the aortic arch. Tt transports blood to the left side of the hea
SubclavianArtR This branchés off of the brachiocephalic artery and transpots blood to the upper limb (
CommoRCarotaAFR THis artery branches from the brachiocephalic artery’, and transports blood to the nght
BrachiocephaliCArt first véssel(antery) to branch from the aortic arch; if branches to form the right common
CoronaryArteryR théright branch of the ascending aorta )
CoronaryArteryL theTeft branch of the ascending aorta, serves the heart tissue left side
FPulmonaryArteryR

PlilmonaryArteryl Frtery Which biflircates off of the pulmonary trunk in the 16ft direction and carries blood
Pulmonary Trunk short arterial vessel ( Bém longy which comes off of the right ventricle of the heart; an
LungConductingZone Bulk flow part of airways; no gas exchange .

LiifgRespiratoryZone Conceptual part of the respiratory systém: a hatural partition into which falls the attibu:
DescendingAortia the descending branch off of the aorta

Aséendlnngna the ascending branch off of the aorta .

AorticArch ~ithé branching of the aorta posteriorly and to the left which forms an arch shape
TRtermallliEcVeni™ " "tDiains the IndlliacViscNPariet1issue night side, and joins with thie external illiac vein ni

TrternalllliacVeinl

Drains the TntiiacViscNParietTissue Teft side, and joins with the external MEEVen o 1

IExternallliacVeink

Drains the Tower limb Tissue group night side, and unites with the internal iliiac to ulima
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Object Class Definitions By

Term Definition
[ExternalllliacvVeinl. Drains the lower imb tissue group —left side.
SuperiorVenaCava Transport Véin. Major conduit retlirning blood from the azygos , the right and left brac
InferiorVenaCava Transport Vein. Vein conduit into heart which is formed by the illiac veins, and refurns
RenalVein drains the Kidney tisstie grotp. Empties into the inferior vena cava transport vein.
PhrenicVein Urains the diaohragm muscle tissue group; empties into the inferior vena cava, a trans
HepaticPortalVein Urains the AbdomVisceraTissie group, empties into the inferior vena cava, a transpor
Azygosvein Brains the ESophagus “Tisstie group, the Tntercostal Tissue groups, the lung tissue, a

BrachiocephalicVeinR

Transport vein — returns blood 16 the stipérior vena cava from the right side.

BrachiocephalicVeinlL.

transport vein — 16 the stperior vena cava (from lefi)

SubclavianVeink Drains the Uppér Limb Tisste (right side) and  joins with the right” jugular vein to torm
SubclavianVeinL vein dralning upper Timb tissiie {lett) it joins with the jugular vein (L) to form lett brach
JugularVeinsR drains HeadNeckSpine tissiie group (right side) - Joins with the stibclavian vein (righty
JugularVeinsL Drains HeadNeckSpine tissiie group (left side). Joins with the subclavian vein to for

PulmonaryVeinsk

fight pilmonary veins (2) cartying blood from the Tung to the right atrium of the heart;

PiilmcnaryVeinst

Jeft plilmonary veings (2) carying blood from the Tungs to the Teft atrium

CoronaryveinrR transport blood from heart tissue (right side} 10 the right atrium

CoronaryVeinL transports blood from heart tissue (left side) to the nght atrium of the heart
BAROAorticArch The pressure sensor for the aortic arch.

BAROCarotidSinus ‘The pressure sensor for the carotid sinous body.

MedulPHRecpt pH Sensor in the medulla; $énses ThepH of cérebrospinal fitiid.

CarotO2Z2Recpt "1 The 02 sensor in the carotid body.

AorticOZ2Recpt The 02 sensor in the aorta

ReartVaives Valves found in the physical Riiran Fear.

AorticsemiLunarvalve valve in physical human heart between the left ventricle and the aorta opens tolet flo

PulmonarySemilunarVaive

Valve in the physical hiiman fieart beween the Tight ventricle and the pulmonary trunk

MitralValve

Valve T the physical fitiman hieart between the Teft atrium and the eft ventricle. Bl

TricuspidValve Valve in the physical hiliman heart between also between the right ventricle and the pu
HeartChambers Chamber - like areas in the heart

VentricleLent Chamber in the physical human heart.

VentricleRight Chamber in the physical human heart.

AtriaLett Chamber in the physical human heart

AtriaRight Chamber in the physical human heart

MédullavasomotorReg

“The medulla's vasomotor regulatory center.

MedullaCardioReg

The medulla™s cardio regulatory center

MeédillaRespirkeg

The medulla"s réspiratory reguiatory system.

InspiratoryCenter

A'type of respiratory center in the medulla

ExpiratoryCenier

Atypé ot respiratory center in the medulia

Prigimotaxic/ntegrationCe

A'type of respiratory center in the medulla; it modifies the Tength of the cycle time (bre

MedulCOZ2Recpt

The COZ sensor in the medulla receive compute send region

Cardiovascularsystem

e physiological syster in the human body pertaining to blood flow through the heart

RéspiratorySystem

Physiological systém pertaining 16 breathing and oxygenation; an abstract class comp

AveolarirritantSensor

Biological sensor (cellsy in the Ting RESpiratory Zone WHIcH Sénse the presense of i

BronchiolelrritantSensor

Biclogical sensors (Cells) A the RemainingBronchiaNetwork which sensé thie presenc

LarynxIrritantSensor

Biological sensors (cells) in the Tarynx which sense the presense of irmitants such as a

TrachealrritantSensor

Biclogical sensor (cells) in the trachiea Which sense the presence of imitants such as

BodyEnvironMatrix

The environmental Tactors surrounding the body

MedullRecvsendCompute

The overal medulla
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Object Class Definitions

Term Definition
Manager Manager class for the management object model.
Federate Manager subclass for federates specific information.
Federation Manager subclass for federation specific information.
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Object Interaction Definitions

Term Definition
StartExpiratory Message 1o start the expiratory sequence
Ceaselnhale When the epiglottis closes, the inhalation ceases.
InflationMaximum Thelungs are af their maximum inflation
ChangeCycleTime Madity the breathing period for the recipient center
Openkpiglottis Message to open the epiglottis;used in respiration -
CloseEpiglottis Message to ciose the epiglotiis; used in the cough sequence.
ConstrictBronchioles The efféctivé diameter of the Bronchia is being reduced due to the presence of an irrit
IrritantSensed interaction superciass whose slibclasses are specific interactions communicating that
IrrSensorActivated Orie of the Trritant sénsors has been activated by particulate matter hitting 1t
ChangeArterybiameterComiiinteraction to change the diameter of an artery. this affects the tiow rate
TissDistressTrans Transmitting of the tissue distress signal from the sympathetic nerve to the vasomotor
Tissuebistress ThiS intéraction involves the tisste groups needs Tor oxygen and waste (COZ) eliminat
DecreaseHeartStrokeVolum: Command 10 decrease the hieart stroke volume; from parasympathetic mervous syste
IncréaseHeantStrokeVolim icommand to changé the stroke volume of ~ the heart— from sympathetic cardiac erve t
HatrokeVoltmeDetrTrans ~Hransmission trom the cardio reg center in the medulla to the parasympathetic nerve g
HstrokeVolumelncrirans — imessage rrom medulla to'sympathetic cardiace nerve to relay message 1o heart chan
HeartRateCommand fHessage from nerves to hisart t6 change the Reart afe™
HeartRateTrans message from medulla to spectic ierves to relay message to heart to change the hear
ChemPHParasymirans Meéssage transmittéd from the medulla to the parasym nerves going to the heart; due t
ChemPHSympTrans Yransmission of data from the medullaas a result of pH too low (COZ too high) rom s
RelaxTransA message from nspiratory center 0 specitic nerves involved Tn inspiration to relay a re
ReéExTranss Transthitted message om expiratory Genter 1o nerves involved in expiration to relax |
ContractiransA message from inspiratory center o specific nerves mvolved in inspiration to tell them 1
ContractiransB Meéssage from expiratory center to nerves involved in expiration 1o contract.
Relax a m,essage fo relax the muscles--increase the length
Contract A Tmessage to contract the muscles—lessen thé Tength +
ConfractDiaphragm message to contract the diaphragm muscles —used in breathing

Confractinternallntercostals

message to contract the intérnal” intercostal muscles used in breathing--the expiratory

ConfractExternallntercostal

Contract the external interéostals—muiscles used for the inspiratory part of breathing

ConfractAbdominals

mes§age 16 abdoitiitial Thuscles to contract — these musclés Used in breathing

RelaxAbdominals

a message to relax the abdominal muscles < tised in breathing

Relaxinternallntercostals

a'message to relax the intercostal muscles —used in breathing

RelaxExternalintercostals

Reélax the external intercostal muscles’—'used in inspiration (breathing n)

RelaxDiaphragm a message to relax the diaphragm muscles — used in breathing ‘
ParasymHéanRatelncrease Transmission of message from cardio reg center to vagus nerve saying increase the h
IncreaseHeartRate command to increase the beats per minute of the heart:

DecreaseHeartRate command to hieart to décréase the beats per minute

ParasymincreaseRate Transmit message Tor an increase in heart rate thru the parasympathetic system, to ef
IncreaseRate instruction for nerve to relay to increase the beats per minute of the heart
DecreaseRate instruciton for nerve to relay to decrease the beats per minute

DitateArtery Decrease artery diameter - vasomotor response

ConstrictArtery Artery diameter is decreasing--vasomotor response.

RefurnToNormalpO2 The pOZis high refative to'its forerly too low value as measured by the aortic pOZ sen
LowpO2 partial pressure of OZ'is low as measured by O2 sensors in either the aortic body sen
IncreaseBP Message that an increase in blood pressure is occurring. ‘
DecreaseBP Message that a decrease in blood pressure is Occurring.

AveolarirritantSensed

Presense of an irritant iIs communicated
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Object Interaction Definitions

Term

Definition

BronchiolelrritantSensed

presence of an irmntant is communicated

LarynxirritantSensed

presénce of an irritant is communicated

TrachealrritantSensed

presence of an irritant is communicated

Tissbistressh Lung tissue distress due to low oxygen or high CO2
TissDistressg Esophegeal tissue distress due to low oxygen or high CO2
TissDistresst Kidney tissue group distress due to Tow oxygen or high CO2 ,

. {TissDistresse Abdominal viscera tissue group distress due to low oxygen or high carbon dioxide
TissDistressd Tisiie group including vise and parietal served by the intérnal iliac artery distress due
TissDistressc Low OZ or high COZ distress in lower limb tissue
TissDistressb ‘fisstie distress call - not enotigh oxygen or oo much carbon dioxide — -in the head,ne
TissDistressa Theoxygen in the upper limb tissue group is too low, or the carbon dioxide Is too high
TracActlS The'irritant sensor in the trachea is activated by the presence of particulates
LaryActlS The irritant sensor in the Tarynx is activated by the presence of particulates
BronActlS The bronchia irritant sensor is activated by the presence of particulates.

AvelActls Yhé aveolar imitant sensor has béen activited by particulates hitting it

Manager The Manager interaction group contains all Management Objéct Model interactic;
Federate The Manager::Federate interaction group contains all MOM interactions associa
Alert Thé Manager::Feéderate: " Alert Tnteraction allows the RT1 6 inform the Tederation]
ServicelLog The Wanager::-Federate::Servicelog interaction allows detailed tracing of RTlam
Servicel ogArguments The Wanager::Federate::SérviceLlog: ServiceLogArguiments interaction allows d

' [Objectinformation

The Manager: Federate:‘Objectinformation interaction is sent by the RTTin resp

PublishingClass The Manager::Federate:: PUblishingClass interaction is sént by the R1Tin respon
SUbSERBINGCTESs ™ "1 The Manager::Fedérate:-SubscribeClass interaction is sent by the RTTin reSpon
Action The Manager::Federate:'Action interaction is used to preform an action on a re

RequestPublicationTree
RequestSubscriptionTree:

The Manager::Féderate::RequestPublicationTree is uséd to request that the RTI

The Manager: -Federate:RequiestSubscriptionTree interaction is used to reques

SetTiming

The Manager::Federate::SetTiming interaction allows modification of a federate”

[ ModifyAtiribliteState

RequestObjectinformatio

‘The Manager::Federate::Action::RequestObjectintormation interaction causes t

THe Manager::FedérateiAction::ModifyAttributeState interaction allows Tederat

RémoteServicelnvocation

Thé Manager::Féderate: Action::RemoteServicelnvocation interaction group co

DoResignFederationExec

The Manager::Federate: Action::RemoteServicelnvocation: : oResignFederation;

DoDeleteObject The Manager: Federate::Action::RemoteServicelnvocation::Dobelete interactio
DoSétlookahead The Manager:Federate::Action::RemoteServicelnvocation::DoSetLookahead in
boSetrimeConstrained i The WManager::Federate: Action:: :boSetlockahead in

Do TirmRegulationo

DoTurnRegulationOn

The Manager::Federate::Action:: ::DoTurnRegulationO

Control

Thé Manager::Federate::Action:: B
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Attribute/Parameter Lexicons -

Class/Interaction Term Definition
ervousDUCwork i TransmissionFactor ; Number befween zero and one, inclusive, which degrades informatcen o
Heart HeartRate beats per minute
StrokeVolume voltime of blood pumped out of onée ventricle of the heart in a single bez
CardiacOutput volume ‘of blood pumper by the heart per minute
PeripheralResistanc i total peripheral resistance from artéry to capillaries
ForceOtfContraction :force with whichthe heart ventricle confracts in the pumping cycle
BloodPressure pressure of the blood in the blood vesseis
Lings LURgVollime internal Vollime of the physical Tings (balloon Tike part)
TnternallingPressur tair pressure inside the Tungs; called intrapulmonary pressure also.
OveérallAirwayResist iresistance to airfiow in the respiratory system
TidaIValGime volume of air inhaled or exhaled during a regular breath
DeadAirrSpace vollime of respiratory system in which gas exchange does not {ake psac
RespiratoryRate breaths per minute
LungCompliance Volume change per unit change of pressure
TRSpiratoryCapacity ; The tidal Volume plus The Thspiratory reserve Vollime, abott 3000 ml™
VitalCapacity The sum of the tidal volume, inspiratory reserve, anad expiratory reserve
TotallingCapacity i The sum of the inspiratory reserve, expiratory reserve, tidal volume, an
InspiratoryResérveViThe volume of air remaining after expiration of normal tidal voiume; 200
EXpiratoryReéserveV ;i The volume of air Temaining ater 1orced expiration of normal tidal volum
. ResidualVolume Volume of air remaining after most forceful expiration, about 1200 mi.
IrritantSensor Location Anatomical location of the irritant sensot
Statls “The statiis is"ON" or "OFF"
Tissue(roups MetabolicRate basal metabolism rate, consumption of OZ needed to malntam activibes
) pCO2Waste partial pressure of carbon dioxide In tissue groups
pO2Demand the partial pressure of oxygen needed for activity
Peripheralkésistanc iresistance fo the fiow of blood thru the tissue group; affects the biood pr
OoEXtractionCoetfici: the coefficient of diffusion Tor oxygen across the membranes into the tis
PeréentCardiacOutpi The percentage of the total cardiac output that is being used by the tss
pO2ofTissueGrp ‘The actual partial pressure of oxygen of the tissue group
Epiglottis status -~ 1OPEN6r CLOSED are the two states that the epoglottis can be in
Human HemoglobinBindingl; Percentage of hemoglobin sites that can be bound with 027 CO will st
Age how old the human body Is
Weight the weight'ina 1 g field
‘Temperature “Temperature of the human
HumanState State of the hiuman; only bsic states represented; alive or dead viaan
ShuntFactor Percentage of blood that is never oxgenated
ArteryinBody poOZIR ™ partial pressure of oxygen into artery
FlowRate rate of flow
Diameter diameter of artery
pCOZIn partial pressure of carbon dioxide in the artery
Aorta pO2in partial pressure of oxygen into aorta
pCO2In partial pressure of carbon dioxide into the aorta
FlowRate flow rate of blood thru aorta
Diameter diameter of aorta
VeininBody FlowRate flowrate of blood in vein
Diameter diameter of vein
pO20ut partial pressure of oxygen in the vein — carried out and away from the o}
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Attribute/Parameter Lexicons

Class/Interaction " Term Definition
pCO2Z0ut partial pressure oOf carbon dioxide in the vein — blood being carried out g
Pharynx ‘iDiameter Effective Diameter of the pharynx, assuming a more or less circular cro
Larynx Diameter ‘The effeéctive diameter of the Tarynx (more or less circular cross section
frachea Diameter The etfective diameter of the windpipe with a circular cross sectional sh
Bronchia Diameter Effective diameter {organic conduit shape approximated by a circle) of t
SpinalColumn - CerebrospinalFluidP i pH of the spinai fluid
NasalCavity NasalCavityVelime 't Volime of the nasal cavity
FlowRate Rate of air flow in the nasal cavity
ThoracicCavity ‘ThioragicCavityVolu™ i Voliime of the thoracic cavity; it changes with respiration, and must be
PleuralCavity PledralCavityVolume: physical volume of the pleural cavity
Abdominal ContractionLevel percentage of maximum contraction
Externallntercostals ; ContractionLevel Percentage of contraction
Internalntercostals™ i Contractiont.evel percentage of maximum contraction
Diaphragm ContractionLevel Percentage of maximum contraction
LlngConductingZon T AirwayResistance — iresistance to the Tlow of air through the airway passages which decreas
LiingRespiratoryZon:pOZstaleBlood partial pressure of 02 n the "ised™ bloed Which 18 iowing in capillaries
€ pCO2staleBlood partial pressure of carbon dioxide in the used blood betore it flows near
pO2lnspiredAir partial pressure of oxygen in the air that is breathed in.
-ipCO2InspiredAir partial pressure of carbon dioxide in the air that is breathed in
CO2DIfCoett difftision coefficient of carbon dioxidé through the capillary wall.
O20ifCoett ™ Diffusion coefficient of 02 across the capillary wall.
pO20ut partial préssiire of oxygen leaving he Tung respiratory zone
pCO20ut partial pressure of carbon dioxide Teaving the lung respiratory zone
DMirverse Ditflision resistance of the avelolcapillary membrane.
Mermbrane SUHACEAT ETf6ctive slirface drea of the respiratory membrance across which the g
MembraneThickness; Thickness of the respiratory membrane
AveolarVentilationRa Good measiire of air iow volume per minute; is the respiratory rate timej
BAROAorticArch Location Physical location of sensor
Status "ON"or "OFF"
BPChange Change in blood pressure
DiréctionBPChange "INCREASE" or "DECREASE"
BAROCarotidSinus iLocation Physical location of sensor
Status "ON"or "OFF"
BPChange Change in the blood pressure - the delta.
DirectionBPChange i "INCREASE" or "DECREASE"
MedulPHRecpt Location Physical location of sensor -
pHCérebroSpinalFlui; The pH of the cerebrospinal fiuid.
Status “ON"or "OFF"
CarotOZRecpt Location Physical location of sensor
ipO2 THé partial pressiite of 02
Status "ON"or "OFF"
AorticO2Recpt “ilocation Physical location of sensor.
pO2 ; The partial pressure of oxygen.
Status “ON"or "OFF"
HeartVaives Paosition OPEN or CLOSED
HeartChambers HeartChamberVolu ™ : Volume of theé heart chamber
EfficiencyofContracti; The efficiency with which a chamber contracts
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Attribute/Parameter Lexicons

Class/Interaction Term Definition
pOZIn Parital pressure of OZ of the blood entering the chamber
pO20ut Parfial pressiire of O2in the blood Teaving the chamber — should be sa
pCO2In Partial pressiire of COZ'in bload entering the chamber A
pCO20ut Partial pressure of COZ'in blood Teaving teh chamber --should be the saj
MedullaVasomotorR ;status the state of the regulatory center
eg activityState Qualitative fevel of activity in the state
BPMonitorTissues™ i The vasomotor center serves to track the tissue blood pressures gives
MedullaCardioReg istatus The state ot the regulatory center
activityState Quialtative Tever of activity in the state
BPHEERSySMonitor i Serves to keep track of the blood pressure in the core as opposed to th
MedullaRespirReg istatus The state of the reguiatory center
aclivityState Qiialitative Tevel of activity inthe state
InspiratoryCenter :CycleTime The lTength of the time that the center can be actively sendlng Ut eSS
ExpiratoryCenter CycleTime TheTenght of time that the cénter can be actively sending out messages
MedulCO2Recpt Location Physical Tocation of the sensor
Status "ON"or "OFH"
pCO2 partial pressure of COZ2'in the location of the sensor as mesured by the
BodyEnvironMatrix  jExternaliemp The ambient temp in the surrounding environment
AirPressure ‘The pressure of the ambient environment
Altittide Height above sea'level
LocationData The physical Tocation of the body measired with respect to Some s
Himidity Amount of water vapor in the air
AirComponents “I'HE Eonstitiisnt Gases of the ambient atmosphere
BodyAttectors Any additional inputs (stimuli) which affect the body
Federate FederateHost The'string representation of the hostname the tederate is executin
FederateHandle ThHe §tring representation of an integer that is the handle assigned
FederateState ‘THé string répresentation of the integer corresponding to the valuel
FederateName ‘The string representation of the name speitied by the Tederate at jo
RTiversion The string representation of the software version of the TRITibrary.
TimeManagerState i The string representation of the integer correpsonding to the valuel
Féderatelookahiea i The string representation of a double that is the value of the feder
Federatelime ‘The'string representation of a double that is the value of the federaj
TimeConstrained i ThHe ¢haracter reépresentation of an integer that specifies whether t
' iTimeRegulating ‘The character representation of an integer that specifies whether t
FIFOlength Thé stiing representation of an integer that specifies the AUBer 6
T80léngth tHe String representation of an infeger that specities the Aumber o
DéqiieteFIFOasyn | The'string representation of the boolean value indicating whether
TotalObjectCount i The string representation of an integer that specifies the total nu
HoldingTokensObj i The string represéntation of an integer that specified the number
DeletedObjectCoun: The string representation of an integer that specifies the number o
NumAttributes The string representation of an integer that acts as an indicator of
NumParameters ‘The string representation of an integer that acts as an indicator of
Federation FederationName :The string name of the tederation.
FederationState ‘The string representation of the integral value of the Ril::Federati
FederatesIinFederat: The string representation of the integral number of federates joine
SavelsScheduled :The string representation of the boolean value indicating whether |
' ScheduledSaveTim: The string representation of the double-precision floatlng-pmht nu
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Attribute/Parameter Lexicons

Class/Interaction Term Definition
—iRTIversion The string representation of the version number of the federation €]
ChangeCycleTime iDirection . The direction "PLUS™ or MINUS™ of the change in the cycle time
CycleChange ‘The change in seconds of the cycle time
ConstrictBronchioles; Amount Valiie af change in effective diameter exprésssed in percentage of nomi
TissDistressirans  ipO2TissGrp The actual pO2 of the tissue group in distress
Location Origination of the distress signal - e, the tissue group
pCOZIissGrp Actiial pCOZ of the tissue group In distress .
whichProb String |nd|<ﬁat|ng whéther problem is Tow OZ,high COZ, or botn
DecreaseHeartStrok: Amount Magnitlide of decrease measured in percentage of current value
IncreaseHeartStroke; Amount magnitude of the force fo contraction eXpressed as a percentage of curr
HStrokeVolumebecri Amount WMagnitlide of the décréase — measured in percentage of current vaiue
HStrokeVolumelncr i: Amount magnitiide of force of contraction expressed as a percentage of current
ChemPHParasymTr iDecreaselnsV Percentage decrease in stroke volume of heart
ans DecreaselnHR Percentage decrease in heart rate.
ChemPHSympTrans:IncreaselnHiR percentage increase in HR
IncreaselnSV percentage increase in Stroke Volume of heart
KelaxTransA Amount magnitude based as a percentage of the maximum
RelaxTransB Amount Magnitiide of relaxation expressed as a percentage
ConfractiransA Amount Magnitlidé expresséd asa percentage of the maximum
ContractiransB Amount Magnitide of contraction expressed as percentage /
ContractDiaphragm ;Amount magnitude eéxpressed as a percentage of the maximum
Confractinternalinter: Amount magnitude expressed as a percentage of the maximum
ConfractExternallnte; Amount Percentage change
ContractAbdominals ; Amount magnitude based as a percentage of the maximum
RelaxAbdominals  ;Amount magnitude expressed as a percentage of the maximum
RelaxInternallnterco :Amount magnitude expressed as a percentage of maximum ¥
RelaxExternallntercoi Amount Percentage of relaxation
RelaxDiaphragm Amount magnitude expressed as a percentage of the maximum
ParasymHeartRatel {Amount percentage ncréase in present heart rate to effect a return to normal
IncreaseHeartRate iAmount number of beats/min to increase heart rate
DecreaseHeartRate ;:Amount number of beats per minute to decrease
ParasymincreaseRa:Amount Pércentage increase in heart rate to effect a return to noremal
IncreaseRate Amount number of beats per minute to increase the heart rate
DecreaseRate Amount number of beats ‘per minute to decrease the heart rate
DilateArtery Amount Pércéntage decrease in artery diameter from current diameter
ConstrictArtery Amount percentage constriction relative to current diameter of the artery
ReturnToNormalpO2;pO2Zvalue partial pressure of OZ value In the location of the sensor
LowpO2 pO2Value the Vallie of the partial pressire of U2'as measured by the appropriate
IncreaseBP Amount Magnitude of increase in blood pressure.
Location Site of report of blood pressure increase
DecreaseBP Amount Magnitude of blood pressure decrease.
. ilLocation Location of the blood pressure sensor
AveolarlrritantSense iLocation Physical Toation of the aveolar irritant sensor —~ is in the LungRespirator
BronchiolelrritantSeni Location PRysical 16¢ation of iritant SEnsor ~ 15T the RémaimingBronciaNetwork
LarynxirritantSensed: Location Physical location of the irritant sensor - l
[TrachealrritantSens i Location Physical1ocation of the irritant Sensor that's sensing the stimull.
TissDisfressh pOZofTissGrp Acutal pO2 of iung tissue
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Attribute/Parameter Lexicons

Class/Interaction Term Definition
pCOZ0fTissGrp Actual pCOZ of tissue group
whichProblem String specifing if the tissue distress is due to Tow pOZ or hgh pCO2 or
TissDistressg pOZ2ofTissGrp Actual pO2 of "esophegeal tissue
whichProblem 8tring indicating which is the problem, high COZ, Tow 02, or both
pCOZofTissGrp Actual pCOZ of the esophegeal tissue group
TissDistresst pOZortissGrp Actual pOZ of the kidney tissue
pCO20fTissGrp Actual pCO2 of the kidney tissue
whichProblem String indicating if Tow oxygen, high carbond dioxde, or both are the pro
TissDistresse pOZofiissGrp Actual pO2 of the abdominal viscera tissue group.
pCOLofTissGrp Actual pCOZ of abdominat viscera tissue group
whichProblem String indicating if problem is Tow 02, high COZ2, or both
TissDistressd pOZotTissGrp Ketiial pU? o the Tissue group that 1§ sérved by the internal illiac artery
pCO201TissGrp Actial ptoz ot the tissiié group that is sérved by the internal illiac arter
whichProblem String indicating problem to be low 02, high CO2, or both
TissDistressc pOZ2oiTissGrp Actual pO2 of the lower iimb tissue group
pCO201TissGrp Acftual pCOZ of the lower limb tissue
whichFroblem Sting indicating it problem’is high COZ2, low OZ, or both
TissDisfressb pOZofTissGrp ‘The actual partial pressiire of oxygen in the head, neck, spine tissue gr
’ pCOZo1TissGrp Actual pCOZ of head,neck, and spine tissue
whichProblem String indicating if problém is Tow 02, high COZ, or both
TissDistressa pO2otlissGrp Actual pO2 of the upper limb tissue group
whichProbiem String indicating if problem is high CO2, low O2, or both
pCO2orTissGrp Actual pCOZ of the Uppéer limb tissue group
TracActlS TurnOn The trachead irritant sensor is activated; it can now do its activity
Levelofirmtant TheTevel of the irritating particulates; high, medium, or low
LaryActlS TurnOn The'imitant sensor in the larynx is activated by the presence ot aprtrcufa
Leveloflrritant ‘The level of the particulate irritants; high, medium, or tow
BronActlS TurnOn The bronchia‘irritant sensor is activated
Levelstirritant Level of the particulate irritant; high, medium, or low
AvelActlS TurnOn The sensor state is now activated. ,
Levelofirritant Thefevel of irritant hitting the sensor; high,medium , or low
Federate FromFederate The string fepresentation of th inititating Tederate”s handle.
Alert AlertSeverity The string representation ofthe integral vuale of the LogType enu
AlertText The string representation of the reason ofthe alert.
:AlertlDy ‘The string répresentation of the serial number for an exception.
ServiceName The string method hiame of the service call generating the interacti

ServiceLog

Servicelnitiator

‘The string répresentation the Tnitiator of the service call (FEU for R

ServiceLogArgume
nts

Handiet Meaning is dependent on service invoked. parameter tis represent
Handle2 Meaning is dependent on service invoked. Parameter is represent
HandleSet Meéaning is dependent on service invoked. Parameter is represent
jUbjectiborCouint ~iMéaning is dependent on service invoked. Parameter is represent

TagOrLabelOrNam

Meaning is dependent on service invoked. Parameter is represent

Time

‘The string representation of the time provided to the service invok

Entmeration Méaning 1S dependent on sérvice invoked. Parameter is represent

‘i8oolean Meéaning is dependent on service invoked. Parameter is represent
Objectinformation ;ObjectlD The string representation of the ObjectlD that this interaction id re |
LockedAttributes i The strifg representation of the attributes that are owned by a fed

04/27/98 17:52:16

5/6




Attribute/Parameter Lexicons

Class/Interaction

Term

Definition

RegisteredClass

The string representation ofthe class that was registered by the re

ReéprésentedClass

The siring répresentation of the classthat was discovered by the T

PublishingClass

ObjectClass

The string répresentation ofthe object class and aftributes publish

InteractionClass

e string Tepresentation of the interaction class hiandle. e for

$iibscrbingClass jobjectClass The string répresentation of the object class'and dattributes publisj
InteractionClass iThe string répresentation of the interaction class handle. The for
Action ToFederate The string répréséntation of the Tederate's handle that the interacti
Settiming FedReportPeriod i The string representation of the integer that is the number of seco
TimeReportPeriod 1 The sfring representation of the integer that is the number of seco
ObjectReportPerio § The string representation ofthe integer that'is the number of secon{
RequestObjectintor; ObjectlD The string representation of the ObjectiD that information is being
[Modity AttributeStat Objectit ‘the string representation of the object whose attribiite token statu
e AttributelD The string representation of the attribute whose instance’s tolekn
TokensState™ e §tring representation of the Tniegral valiie of the RTI:TokenSt
DoResignFederatioiResignAction "The string representation of the integral value of the Tl::ResignAct
UiobeleteObject i0bjectlty The string representation of the object [Vto use as an argument to
Time ‘THe string represeéntation of the federation to use as an argument t
Tag tHe strifg to iseé as an argument to the deleteObject service.
boSetlookahead ;Lookahead Thestring répreséntation of a double that is the value the federate’
[beSettimeConstrai State The string represéntation of the an integer (Ture=0, False=T) that t
Control SetServicel ogging: The string répresentation of the boolean value that enables/disable;
SetlogFile The string representation of set log file.
DeleteObject The string representation of delete object.
BequeuelIFO ‘The string representation of the DequetieFIFO.
]
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Object Class Structure Table

04/29/98 12:26:00

Class1

Class2
airMixture (PS)
smokeGasMixture
localParticleClusterCloud
localChemicalVaporCloud
gas 02
c02
‘ cO
volatileCremicalVaporCloud
particleClusterCloud (PS)
MedicalDrugs Methacholine
Albuterol
Manager Federate
Federation

1




Object Interaction Table

Initiating Object Receiving
Interaction Structure .
i Class Affected Attributes Class
AdminMetha - Methacholine None None ‘
/
AdminAibut Albuterol None None
SmokeStreamStim gmoketasMixture iNone None
VaporClotdstim l6calChénicalVapor iNone None
Cloud
MonoxideStim cO None None
ParticleCloudStim localParticleClusterC;None None
loud
Manager.Federate iAlert Federate None Federate
Objectinformation :Federate None Federate
PublishingClass Federate None Federate
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Object Interaction Tabie

04/29/98 12:31:31

bject/Area

Affected Attributes

Interaction
~ Parameters

Init/ Sense/ React

None

Dosage

IR

TargetSystem

Immediacyofkitect

PotLevelofinjury

[dentityProfile™

None

ImimediacyofEffect

IR

PotlLevelotinjury

Targetsystem

dentityFrofile

Desage

None

Duration

percoZ

per0?2

percy

IdentityProfile

PotLevelotinjury

perOtherinert

TargetSystem

ImmediacyofEffect ]

None

Duration

133

Concentration

TFiTGHECYOIEReet T

TargetSystem

Potlévelotnjury

TdentityProfile

None

Amount

Duration

TmmediacyofEtfect

[dentityProfile

PotLevelofinjury

TargetsSystem

None

SizeOtParticles

Duration

Immediacyofettect

Potlevelotinjury
ldentityProfile 1

Targetsystem

None

AlertSeverity

Alertlext

AlertlD

None

Objectity

LockedAttributes™ |

RégisteredClass

RépresentedClass ™

None

ObjectClass
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Object Interaction Table

Initiating Object Receiving
Interaction Structure i
: Class Affected Attributes Class

SiibscribingClass ™ i Federate None Federate
Manager.Federate. i ServiceLogArgume;Federate None Federate
ServiceLog nts ' - -
Manager.Federate. iRequestPublicatio ;{Federate None Federate
Action ' RequestSubscripti iFedérate Nohe Fédérate

SetTiming Federate Norie Fedeérate

RequestObjectintor: Federate None Federate

 ModityAttributeStat Federate ™ None Féderate

e ' i :

Control Federate None Federate
Manager.Federate. iDoResignFederatio:Federate None Federate
Action.RemoteServiligheleteObject iFedeérate Norne Federate
icelnvocation

BeSetl sokahead Federate None Federate

DoSetTimeConstraiFederate None Federate

DoTurnRegulation :Federate None Federate

DoTurnRegulation i Federate None Federate
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Object Interaction Table

04/29/98 12:31:31

bject/Area Interaction §
Init/ Sense/ React
Affected Attributes Parameters
InteractionClass
-{None ObjectClass IR
InteractionClass
None Handleq IR
e
 HandleSet™ ™
ObjectiDorCount
TagOrLabeloNam
Time
Eftmeration
Booleéan :
None None IR
None None R
None FedReéportPeériod IR
TimeReéportPeriod
ObjectReporPerio”
None Objectity IR
None Objectits IR
AttributelD '
iTokenState™ ™
None SetServiceLogging IR
Setlogrile™
DeléteObjéct ™
DequietieFIFO™
Norne ReésignAction IR
None Objectily IR
Time
. Tag
None Lookahead IR
None State IR
None Noie IR
None None IR
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Attribute/Parameter Definitions

Object/Interaction Attribute/Parameter ‘Datatype Cardinality
airMixture perO2 float 1
perNZ float 1
perCO2 float 1
altitude float - 1
PotLevelofinjury GenericlnjuryLevellnio 1+
Immediacyofkftect ImmediacyotkttectData 1
TargetSystem string 1
IdentityProtile [dentityProfileData 1
LocationXY XYCoorData 1
[SmokeasMixiiire percoz fioat 1
perO2 tloat 1
perCO ~ifloat 1
perOtherlnert float 1
’ ildentityProfile IdéntityProfileData 1
TargetSystem string 1
Potleveloflnjury GenRencuryLevelnfo 1+
ImmediacyofEffect ImmediacyotEtfectData 1
localParticleClusterCloud ™ :SizeotParticles float 1
Immédiacyoftifect ImmediacyoftifectData 1
PotLevelofinjury GenericlnjuryLevellnto 1+
TrdeéntityProfile ldentityProfileData 1
TargetSystem string 1
localChemicalVaporCloud i Concentration float i1
IdentityProfile IdentityProfileData 1
Immediacyoftitect ImmediacyofkftectData 1 ¥
TargetSystem string 1
PotlLevelotlnury GenericlnjuryLevelinto 1+
gas ImmediacyofEftect Immediacyoftftectbata 1
PotLeveloflnjury GenericlnjuryLevelinto 1+
{dentityProfile IdentityProfileData i
TargetSystem string 1
VolatileChemicalVaporClou iLocationXY XyCoorData 1
d Cloudtiameter fioat 1
Concentration float 1
Aliittide ifloat 1
LocationL.L LocationLLData 1
Immediacyoftifect ImmediacyoftffectData 1
Potlevelotinury GenericlnjuryLevelinto 1+
TargetSystem string 1
IdentityProfile IdéntityProfileData 1 o
Speed float 1
DirectionotMotion XYCoorData 1
02 AmtO2 float 1
cO2 AmtCO2 float 1
cO AmtCO float 1
particleClistercioud LocationXY XYCoorData 1

~ 04/29/98 12:40:27

1712




Attribute/Parameter Definitions

Units Resolution Accuracy Accuracy Condition
percentage tenths perfect always
percentage tenths pertect always B
percentage tenths perfect always
m nearest integer pertect always
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A pertect always
N/A N/A N/A N/A
N/A } N/A N/A N/A
percentage tenths pertect always
pércentage tenths™™ perfect always
percentage tenths pertect always
percentage tenths perfect always
N/A N/A N/A N/A
microns N/A pertect always
N/A N/A N/A N/A
N/A N/A N/A N/A
microns nearest integer perfect always
N/A N/A : N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A

perfect always
mg/m*3 tenths pertect always
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A perfect always
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A pertect always
N/A N/A N/A N/A
m tenths perfect always
mg/mA3 tenths pertect always
m tenths pertect always
N/A N/A N/A v N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A pertect always
N/A N/A N/A N/A
km/sec tenths perfect always
N/A N/A N/A N/A
percentage” tenths perfect always
percentage tenths perfect always
percentage tenths pertect always
N/A N/A N/A N/A

N
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Attribute/Parameter Definitions

\\

Update Type Update Condition - | Transferable/Acceptable | Updateable/Reflectable
[Conditional upon "big enough” change N UR
[Conditional Upon "big encugh" change N UR
Conditional pon "big enough*change N UR
Static - iN UR
Static N UR
Static N UR
Static N UR
Static N UR
[Conditional Upon "big eénough" change iN UR
Static N UR
Static N UR
Static N UR "
Static N UR
Static N UR
Static N UR
Static N UR
Static N UR
Static N UR
Static N 7 UR
Static N UR
Static N UR
Static N UR
Static N UR
Static N UR
Static N UR 4
Static N UR
Static N UR
Static N UR
Static N UR
static K UK
Static : N UR
[Conditional tpon "big enough" change iN UR
[Conditional Upon "big eénough' change ™ iN UR
[Conditional UpOR "big erough™ change "N UR
'Conditional Upon "Big enough” change iN UK
[Conditional Upon "big énough" change N UR
Static N UR
Static N UR
Static N UR
Static N UR
Conditional tipon "big énough" change N UR
Conditional lipon "Big énough” change ™ iN UR
[Conditional upon "big énough" change N UR
[Conditional Upon *big enough" change N UR
Conditional upon "big enough” change :iN UR
[Conditional upon "big enough" change ;N UR
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Attribute/Parameter Definitions

Object/Interaction Attribute/Parameter Datatype Cardinality
LocationLL LocationLLData
ParticleSizeGroups ParticleSizeGroupList
Altitude float
TdéntityProfile [dentityProfileData
, TargetSystem string
PotLevelotlnjury GenericlnjuryLevellnio
Immediacyotkfiect ImmediacyottftectData
Speed ) tloat
DirectionotMotion XYCoorData
. {Methacholine Dosage double
PotlLevelotlnjury GenericinjurylLevelinto
Immediacyofeifect ImmediacyoftifectData
TargetSystem siring
[dentityProfile IdentityProfileData
Albuterol Dosage float .
PotLevelofinjury Genericinjuryl.evelinto ‘
IdentifyProfile IdéntityProfileData
TargetSystem string
Immediacyotkitect Immediacyoreectats
Federate FederateHost string
FederateHandle string
FederateState string
FederateName string
Rilversion string
“TimeManagerState string
FederateLookahead string
Federatelime string
TimeConstrained string
TimeRegulating string
FIFOlength string
T80length string
DequeueFlFOasync string
TotalObjectCount string
Holding TokensObjectCouistring
DeletedObjectCount string
NumAttributes string
NumParameters string
Federation FederationName string
' Federationstate string
FederatesIniederation string
SavelsScheduled string
- iScheduledSaveTime string
KTlversion string
AdminMetha Dosage double
TargetSystem string o
Immediacyoftftect ImmediacyofkftectData
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Attribute/Parameter Definitions

Units Resolution Accuracy Accuracy Condition
N/A N/A N/A N/A
N/A N/A N/A N/A
m tenths pertect always
N/A N/A N/A N/A
perfect always
N/A N/A N/A N/A
N/A N/A N/A N/A
km/sec tenths perfect always
N/A N/A N/A N/A
gm/mi nearest integer pertect always
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A perfect always
N/A N/A N/A N/A
gm/ml nearest integer perfect always
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A perfect always
N/A N/A N/A N/A
perfect | always
pertect always
perfect always
perfect always
perfect always
perfect always t
perfect always
perfect always
perfect always
perfect always
perfect always
pertect always
perfect always
perfect always
perfect always
perfect always
pertect always
perfect always
perfect always
pertect always N
perfect always L.
perfect always
perfect always
perfect always
gm/ml nearest integer perfect always
N/A N/A perfect ialways
N/A N/A N/A N/A
04/29/98 12:40:28

5112




Attribute/Parameter Definitions

Update Type Update Condition Transferable/Acceptable | Updateable/Reflectable
Conditional upon 'big enough” change N UR
fConditional If sizes drop out;physics algiN UR
[Conditional flipon "big enough" chiange N UK
Static N UR

- [Static N UR
Static N UR
Static N UR
Conditional N UR
[Conditional Upon "big enough” changé ™ iN UR
Static N UR
Static N UR
Static N UR
Static N UR
Static N UR
Static N UR
Static N UR
Static N UR
Static N UR
Static N UR
[Conditional N UR
[Conditional N UR
FConditional N UR
[Conditional N UK
[Conditional N UR
[Conditional N UR ¥
[ Conditional N UR
Conditional N UR
Conditional N UR
[Conditional N UR
Conditional N UR
[Conditional N UK
[Conditional N UR
[Conditional N UR
[Conditional N \ UK
[Conditional N UR
[Conditional N UR
[Conditional . N UR
'Conditional N UR
[Conditional N UK
[Conditional N UR
[Conditional N UR
[Conditional N UR
'Conditional N~ UR
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
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Attribute/Parameter Definitions

Object/Interaction Attribute/Parameter Datatype Cardinality
PoilLevelotinury GenericlnjuryLeveilnio 1+
IdentityProtile IdentityProtileData 1
AdminAlbut Immediacyoftitect ImmediacyofktfectData 1
PotlLevelotinjury GenericlnjuryLevelinio 1+
f TargetSystem string 1
IdentityProfile IdéntityProfileData 1
. Dosage double 1
SmokeStreamStim Duration float 1
perCO2 float 1
perO2 float 1
perCO float 1
TdentityProfile IdeéntityProfileData 7
PotLeveloflnjury GenericlnjuryLevelinfo 1+
perOtherinert float 1
TargetSystem string 1
Immediacyoftifect ImmediacyoftifectData 1
VaporCloudStim Duration float 1
Concentration float 1
Immediacyorkitect ImmediacyoitfrectData 1
TargetSystem string 1
PotLevelotinjury GenericlnjuryLevellnto 1+
IdentityProfile IdentityProfielata 1
MonoxideStim Amount float 1
Duration float 1
TmmediacyotEifect Immediacyofeifectbata | ¥
IdentityProfile IdentityProfileData 1
PotLevelofinjury GenericinjuryLevelinio 1+
TargetSystem string 1
ParticleCloudStim SizeéOfParticles fioat 31
. Duration Hloat 1
Immediacyotkiiect ImmediacyotEftectData 1
PotLevelofinjury iGenericlnjurylLevellnfo 1+
[déntityProfile IdéntityProfileData 1
TargetSystem string 1
Alert AlertSeverity string 1
AlertText string 1
AlertiD string 1
ServiceLogArguments Handled sfring 1
Handle2z string 1
‘HandleSet string 1
ObjectiDorCount string ™
TagOrLabelOrName string 1
Time string 1
Enumeration string 1
Boolean string 1
Objectinformation ObjectiD string 1
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Attribute/Parameter Definitions

Units Resolution Accuracy Accuracy Condition
N/A N7A N7A N7A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A pertect always
N/A N/A N/A N/A
gm/ml nearest integer perfect always
sec tenths pertect always
percentage tenths perfect always
percentage tenths perfect always
percentage tenths perfect always
TNIA N/A N/A N/A
N/A N/A N/A N/A
percentage tenths pertect always
N/A N/A perfect always
N/A N/A N/A CINTA
percentage nearest integer perfect always
mg/m?3 tenths perfect always
N/A N/A N/A N/A
N/A N/A perfect always
“IN/A N/A N/A N/A
N/A N/A N/A N/A
percentage tenths pertect always
sec tenths periect always -
N/A N/A ( N/ N N/A ¥
NIA 7 ‘ N/K K/A
N/A N/A N/A ' N/A
N/A N/A perfect always
microns nearest integer perfect always
sec nearest integer perfect always
7Y L/ K& NIA
T {NIA N/A N/A N/A
N/A N/A N/A N/A
N/A N/A perfect always
pertect always
pertect always
perfect always
pertect always
perfect always
perfect always
perfect always
pertect always
perfect always
‘iperfect always
pertect always
perfect always
04/29/98 12:40:29 8/12
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Attribute/Parameter Definitions

Update Type Update Condition Transferable/Acceptable | Updateable/Reflectable
N/A NA NTA NA '
17 /A K/K N/A
N/K NIA N7 /A
N/K /A N/A WA
N/K A N/A N/A
N/K /A N/A NI7:N
/K /A NIA N/A
N/A N/A N/A N/A
NIA NIA NIK N/&
/K NIA N/A N/A
K/& TRUA KA R/K
N/A N/A NIA N/A
N/A NIA NIA N/A
(N1 NIA N/A N/A
N/A NIA N7:N N7A
N/A INTA NIA N/A
/A N/A N/K N/A
N/A 17 /A N/A
1)/ N/A H\VY/ NIA
N/A N/A N/A N/A
N/A NIK N/A N/A
/K NIA /A N/K
N/A N/A N/A K/A
/A N/A N/A N/A
/A /A IR RIA '
NIA NIA NIA N/A
NIA N7y N7A N/&
17 NI/K N/A KUA
N/A /A N7A N7A
N/A N/A N/& /A
NN N/A N7 N/A
)/ N7A N/A N/A
/A /A N/A 7 N
N/A N/A N7 [N7/: G
17 N/K NIK N/K
N/K NIK NIA N/K
N/K NIK N/K N/X
NIK N/K N/K NIK
N/K NIK NIK N/K
N/K NIK NIK N/K
N/K N/K N/K NIK
N/K N/K NIK NTK
N/K NIK N/A N/K
N/K N7K NIK N/&
N/K N/K N/K NIK
N/K NIK N/K N/K
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Attribute/Parameter Definitions

Object/Interaction Attribute/Parameter Datatype - Cardinality
LockedAttributes string . 1
KRegisteredClass string 1
RepresentedClass string 1
PublishingClass ObjectClass string 1
InteractionClass string 1
SiibscribingClass UbjectClass string 1
InteractionClass string 1
SetTiming FedReportPeriod string 1
TimeReportPeriod string 1
ObjectReportPerioa string 1
[RequestObjectinformatic iObjectiD string 1
[ ModityAttribiliteState UbjectiD string 1
AttributelD string 1
TokenState string 1
DoResignFederationExec :ResignAction string S i1
DobDeleteObject ObjectlD string 1
Time string 1
Tag string 1
DoSetlookahead L'6okahead string i
DoSettimeConstrained  iState string 1
Control SetServicelogging string 1
SetlogFite string 1
DeleteObject string 1
DequeaeFIFO string 1
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Attribute/Parameter Definitions

Units Resolution Accuracy Accuracy Condition
perfect always
perfect always
pertect always
perfect always
perfect always
perfect always
perfect ialways
perfect always
perfect always
perfect always
pertect always
pertect always
perfect always
perfect always
pertect always

‘ pertect always
perfect always
perfect always
pertect always

N perfect always
perfect always
perfect always
pertect always
pertect always
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Attribute/Parameter Definitions

Update Type Update Condition Transferable/Acceptable | Updateable/Reflectable

N/A N/A N/A N/A

N/A N/A N/A N/A

N/IA N/A N/A N/A

NIA NIK NIK N/K™

N/A N/A N/A N/A

N/IA N/A N/A N/IA

N/A N/A NIA N/A

N/A N/A N/A NIA

N/A N/A N/A N/A

N/A N/A N/IA N/A

N/IA N/IA N/A N/A !
N/A N/A N/A N/A

N/A N/IA N/IA N/A

N/A N/A N/A N/A

N/A N/A N/A N/A

N/IA N/A N/A N/A

N/A N/A N/A N/A

N/A N/A N/A N/A

N/A N/IA N/A N/A

N/A N/A N/IA N/IA

N/A N/A N/A N/A

N/A N/A NIA". N/A

N/A N/IA N/A N/A

N/IA N/A N/A N/A

. [}
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Enumerated Datatype Table

Identifier

Enumerator

Representation

TnjuryLévelData

critical

serious

minor

none

unknown

ImmediacyofEifectData

Immediate

Seconds

FewMinites

Rour

FewHours

SeveralHours

TwelveHours

Uay

O ~E OF Ut i O NE =% OF i O N3 =

Days

[{e

Week

et
(=

Weeks

-
-3

Month

e
N

Longlierm

-
O
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Complex Datatype Table

Complex Field

Datatype | Name Datatyp? Cardinalityy Units |Resolution Accuragy émﬁ?fj
ParticleSiz ;SmallSize ;boolean 1 N/A N/A periect always
eGroupList{{fediiifiSiz|boolean 1 N7 N/K peffect ™ ralways
LargeSize :boolean 1 N/A N/A pertect always
LocationLLiLatitude LatlongCoi1 N/A N/A N/A N/A
Data Longitlide " iLatlongCoil N7K /A N7K NIK
LatlongCoidegrees  jdouble 1 N/A N/A pertect always
ordFormat {fiAtites ™ double 1 NIK N7 pertect " Talways
XYCoorbDat: X float 1 km hundredths: pertect always
a Y float 1 Km hundredths: pertect always
IdentityProf; BronchoDil:boolean {1 N/A N/A pertect always
leData  iBrorchicco;boclean 1 NIK /A perfect always
Aveloilntla iboolean 1 N/A N/A pertect aiways
ModiyAIrPboolean™ i1 pertect always
iModifyAmbiboolean 1 perfect always
MadityAmb: boolean ;1 _ perfect always
BindHEM " boolean 1 N/A N/A perfect always
GenericlnjiECevel any L pertect always
rylLevelinfo : Potentialf] i TnjaryLevel i1 7K N/A 17 /A
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Component Structure Table
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Class Component
smokeGasMixture CO
CO2
02

T
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Object Ciass Definitions

Term Definition
airMixture The environmental air surrounding the body; used in more non-local and potentiaily cn
smokeGasMixture The mixtire of gases which are 1o be inhaled by the human and which form the gases
[ealBaricleCustertIsud A small cloud of particlés nearby the body; involved in interactions; used in local repre;
[seaIeRemicalVaporclotd A small Chemical Vapor clold that is Tigarby the body, and is used in interactions; local
gas™ Urie o the states of matter: reters to stimuli in this state; stimuli serves 16 evoke body

volatileChemicalVaporClou

Vapors of volatile cheriicals which affect the respiratory system. Used tor more globa

02

oxygen in the stimulus

[e107 carbon dioxide - in the stimuli
cO Carbon Monoxide in the stimulus
particleClusterCloud Small particlés Tolnd in simoke wWhich serve as Trritants o the human respiratory sysie
MedicalDrugs Stimuli ' which are drugs given in a medical context
Methacholine ‘A'medical drug which constricts the bronchial pasages
Albuterol A'medical drug which causes dilation of the bronchial ubes
Manager Manager class for the management object model.
Federate Manager subclass tor federates specific information.
Federation Manager subclass for federation specific information.
'
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Object Interaction Definitions

Term Definition
AdminMetha Administer the medical drug methacholine
AdminAlout Administer the drug albuterol
SmokeStreamstim A'sticke stréam that'is Blown right onto the body; the stimuli exists right near the body
VaporClouaStm A'toxic vapor cloud is the stimuli; exists right near the body
MonoxideStm The stimli 6f carbon monoxide in gaseous form is immanent
ParticleCloudstim In'the particle cloud stimuli, ash particles are the stimuli
Manager The Manager interaction group contains all Management Object Model interactio;
Federate The Manager::Federate interaction group contains all MOM interactions associa
Alert The Manager::Fédérate:"Alert interaction allows the R1T to inform the federation;
Servicelog The Manager-Féderates Servicelog nteraction allows detailed tracing of RTlam

ServiceLogArguments

The Manager-:Fedarate:: ServiceLog: - ServiceLogArguments intéraction allows d

Objectinformation

The Manager::Federate: Objectlnformation interaction is sent by the R1lin resp

RequestSubscriptionTree:

[RemoteServicelivocation ;

PuBlisShingClass The Manager::Federate: PUblishingClass interaction is sent by the RTTin respon
SUbSERBIRGCIAss " The Manager::Federate: :SUbscribeClass Tnteraction is sent by the RTTin respon
Action The Manager::Federate-: Action intéraction 1s used to preform an actiononare

KéguiestPublicationTree

The Manager::Federate::RequestPublicatlonTree is'used to request that the Rl

SetTiming The Manager::Federate: SetTiming interaction allows modification of a federate”
[Regiiestobjéctinformatio ; The Manager-Federate::Action: ReqiiestObjectinformation interaction causes t

ModityAttributeState™

"IThe'Manag
The ' Manager::FederateizActio

ModityAttributeState Tnteraction allows féderat
emoteServicelnvocation interaction group co

P SdeTateT AGHOT

DoResignFederationExec

The Manager: Federate: - Action: RemoteServicelnivocation: . DoResignFederation:

" [osbEletetbject

The Manager::Federatér Action::RémoteServicelnvocation::DoDelete interactio

DoSetlookahead

The Manager::Federate::Actlon::RemoteServucelnvocatlon::DoSetLookahead in

DoSetTimeConstrained

The Manager-:Féderate::Action::RemoteServicelnvocation::DoSétlookahead in

DoTurnRegulationOn

The Manager:Federate:: Action::RemoteServicélivocation:: Do TuriRegulation®

[BotirmiegulationOR I THe Manager:Federate:-Action - RemoteServicalivocation:: Do TurnRegulationO'
Control THé Manager::Federate: Action::Control interaction iS used to set service loggin
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Attribute/Parameter Lexicons

Class/Interaction Term Definition

arrMixture perO2 Percent of oxygen in the environmental air
perN2 Pércent of nitrogen in the environmental air
perCO2 Percent of carbon dioxide in the environmental air.
altitiide The hieight above sea level.
PotLevelotinjury ‘The potential gravnty of the injury caused by the stlmuln may involve dift
Irmediacyorerect ™ HoW T6ng betore the Stimuli takes effect
TargetSystem “Thé bady system which'is affected dy the stimuli
IdéntityProfile The signature of the stifuli with regard to its effects on the body
LocationXY ‘THe Tatitide and Tongitude of this particularair Mixtlire

SmokeGasMixtiire ™ i perCOZ2 Pércnetage of carbon dioxide in the gas mixture of smoke
perO2 Percentage of oxygen making up the gases'in the smoke stream
perCO Percentage of carbon monoxide making up the gases in the smoke stre
perOtnerinert Peércentage of other inert gases forming the gas mixture of the smoke st
[dentityProfile Stimuli signatire wrt the body
TargetSystem Physiclogical system affected by stimuh
Potlevelofinjury the potertial lével of injury to the body — generic = can involve multiple’
Immediacyofefect ™ tHow fast actingis the stimuti

localParticleClusterC: SizeofParticies

Only 6ne particle size 1§ répresented in this attribute

loud Immediaéyorerect T HoW tast acting is the stimuli.

PotLevelotinjury Potential degrée "ot hiarm due 1o the receipt of the stimuli by the boay;

TndeéntityProfile List'of characteristics of the stimuli

TargetSystem TR physiological system upon which the stimiuili ias an effect.
localChemicalVapor ;Concentration Strength of the chemical vapor cloud
Cloud [dentityProfile ‘thé characteristics of the stimili

Iimmediacyofeffect i How quickly the stimuli has an ettect.

TargetSystem “The physiological systém tpon which the stimuli Fias 3R effact ¥

PotLeveloflnjury Potential degrée of hiarm which the stimull causes the recipient body m
gas ImmediacyofEffect ™ iHow quickly the stimuli has an effect.

Potleveloflnjury “The potential degree of hiarim which the stimali causes the recipient bod

[dentityProfile ‘THe characteristics of the stimuli

TargetSystem The physiological system upon Wwhich the stimuli has an effect
volatileChemicalVap iLocationXY Physical ocation of the chemical vapor cloud given in Xy coordinates
orCloud Clotdtsiameter Distance across the Toughly spherical elactid

Concentration Level of chemical vapor cloud per cubic volume

Altitude Height above sea level of the center of the cloud

Locationtl ‘the Tocation of the foxic vapor cloud given in fatitide and longitude

Immediacyofeifect i How quickly the stimuli has an eftect.

PotLevelotlnjury The poténtial degree of harm which the stimuli has upon the recipient b

TargetSystem ‘The phiysicicgical system which is the target of the stimuii activity

dentityrofile Characteristics of the stiuli

Speed ‘The magnituds of the Velocity with which the stimuliis moving; used in g

DiréctionotMotion

THe Veéctor representation of the direction in which the stimuli'is moving

02 AmtOZ2 AmGURt of xygen in the stmulus; measured a8 a percentage of a stand
cO2 AmtCOZ “TAmount of carbon dioxide in the stimulus; measured as a percentage of
CcO AMICO Amount of carbon monoxide in the stimulus; measured as a percentage
particleClusterCloud ;LocationXY Location of the center of the particle cloud in X, coordinates

) LocationLL

04/29/98 13:05:02
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Attribute/Parameter Lexicons

Classl/Interaction Term Definition
ParticleSizesroups : 1he particle size groups found in the particle cloud
Altitude THe height above séa level of the roughly spherical partlcle doud
IdentityProtile the characteristics of the stimuli
TargetSystem THe physiological system which is the recipient of the st,ull's efiects
PotlLevelotinury potential dégree of harm that the stimuli hias upon the recipient body, m
TrimediacyotEfect T How qUIcKTy thé stiffiuli ias an effect
Speed The Tragnitiide of the vélocity vector of the stimuli; iS&d in giobal Tepres]
- Birectionomistion The Vactor representation of the direction n which the stimuli is moving,
Methacholing Dosage Amount of drug
PotLevelotlinury ‘TTié potential level of injury information; may be muhthe Tevels dependin
Irimediacyorefect ™ THEW 1ong it takes tor the stimuli to have an efiect on the recipient — nom
TargetSystem The physiological systém on which the stimuli could have an eifect
! IdentityProtile ‘T identity of the stimuli vis-a-vis the recipient body
Albuterol Dosage Amount of driig given
- {PotLevelsHnjtiry poteritial Tevel of injury 1o recipient, generic info conveyed on nominal in
TdentifyProfile The idretity of the stimuli vis-a-vis the recipient; i.€., generic possible €
TargetSystem THE physiological System which could be affected by the stimuli
ImediacyorEttect INGminal information on how fast acting the stimuii coula be on a recipie
Federate FederateHost e string Tepresentation of the hostname the federate is executin
FederateHandle ‘the string representation of an integer that is the handle assigned
FedérateState THe stiing representation of the integer corresponding to the valu
FederateName THe strifg répresentation of the name speified by the federa T“fé'é"t'j’g
RTversion THe string representation of the software version of the TRIlibrary.
TimeManagerState  The stiing representation of the integer correpsonding to the vaiue
Federatelookahea | THe string répresentation of a double that is the value of the feder
" iFederateTime ‘The string répresentation of a double that is the valiie of the fedesa)
TimeConstrained 'The character representation of an integer that specifies whether t
TimeRegulating ‘The ¢haracter representation of an integer that specities whether t
FIFOlength ‘Thé $triRg Fepresentation of an integer that specifies the number o
TSOlength ‘THe string répresentation of an integer that specities the number o
DegiieteFIFOasyn | The string répreséntation of the boolean value indicating whether
TotaltbjectCount i The string representation of an integer that specifies the total nu
Holding TokensOBj i The stiing representation of an'integer that specitied the number
DeletedtsbjectCotin: The stiing répresentation of an integer that specifies the number o
NumAttributes ‘THe string representation of an integer that acts'as an indicator of
NimParameters i The stiing representation of an integer that acts as an indicator of
Federation FederationName ™ : T'he string name of the Tedération.
FederationState "THé string representation of the integral value of the RTI::Federati
Federateslnrederati The string representation of the integral number of federates joine
Savels§chediled " The string representation of the boolean valué indicating whether
SchediladsaveTim: The stiing réprasentation of the doublé-precision floating-point nu
-iRTlversion ‘The string represeéntation of the version number of the federation e
AdminMetha Dosage Amount™ \ , .
' TargetSystem Remplent physiological system of the stimuii j
TmmediacyofEffect i How fast acting the stimult could be; generic info
PotLevelotinjury Patential Tevel of injury; nominal info; could be mulitple Tevels depending
IdentityProfile ‘the identity (behaviory of the stimuli vis -a vis the recipient body
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Attribute/Parameter Lexicons

Class/Interaction Term Definition
AdminAlbut ImmediacyolEfect ; How fast acting the stimuli is
Potlevelofinjury ‘The nominal Thjury Tével data; may be more than one depending on amo;
TargetSystem Physiological system affected by the stmuli )
IdentityProfile The idéntity (behavior) of the stimuli vis-a-vis the recipient
Diosage Amount
SmokeStreamStim  ;Duration Length of time the smoke stréam is directly biéwing at a body
perCO2 percentage of COZ'in incoming smoke stream
per02 percentage of 02 in smoke mixfure
perCO percentage of CO in smoke .
IdentityProfile the identity profie of the sSmoke stream vis-a-vis the human body
PotlLevelotinjury Potential level of injury
perOtherinert percentage of other inert gases in the smoke stream
TargetSystem Physiological system impacted by the smoke stream
ImmediacyorEtfect ™ THoW Tong it takes the stimuli to have an efiect.
VaporCloudStim Diuration Length of time the toxic vapor cloud is immanent
Concentration The concentration of the cloud in mifcubic cm
Tmmediacyofetfect ™ iHow Tong it takes or the stimuli to have an eftect.
TargetSystem ‘The impacted physiological system
Potlevelofinjury The poténtial fevel of harm to the body
[dentityProfile Stimuli identification with respect fo activity on the body
MonoxideStim Amount The amount of carbon monoxide that is input; measured as percentage
Duration Lenth of time that the stimulus is applied
Immediacyofeffect i How quickly the stimuli has an eftect. .
IdentityProfile ‘Theé profile of the stimuli with respect to its effect on the body
Potlevelofinjury “The poténtial fevel of injiry to the body
TargetSystem ‘THe physiclogical system which s affected by the suimuli 0
ParticleCloudstinm ™ i5izeOtParticles The average sizé of the particles i the particle cluster. CIuster particles
Diiration Length of tirme the stimuli is operating
Tmmediacyoferect i How quickly the stimuli has an effect
Potlevelofinjury ‘THe poential of Farm to the body
IdéntityProfile WHo the stimuli'is with respect to the body
TargetSystem The phsiclogical system affected by teh stimuli
Federate FromFeéderate The string representation of th inititating féderate’s handle.”
Alert AlertSeverity The string representation ofthe integral vuale of the LogTybe enu
AlertText The string representation of the reason ofthe alert.
¥\l ‘The string representation of the serfal number for an exception.
Servicelog ServiceName I The string method name of the service call generating the interacti
: Seérvicelnitiator ‘I'he string répresentation the initiator of the service call (FED for R
$ServiceLogArgume;Handled WMeaning is dépendent on service invoked. parameter tis represent
nts Handle2 Meaning is dependent on service invoked. Parameter is represent
HandleSet Meéaning is dependent on service invoked. Parameter is represent
ObjectiborCotint i Meéaning is dependent on service invoked. Parameter is represent
- TagorLabelOrNam iMeéaning is deperident on service invoked. Parameter is represent
Time ‘e string Tépresentation of the time provided 6 the Service Tvok
Enumeration Meaning is dépendent on service invoked. Parameter is represent
Boolean Meaning s dependent on service invoked. Parameter is represent
Objectinformation ;Objectlt T'he string representation of the ObjectiD that this interaction idre | -

04/29/98 13:05:03
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Attribute/Parameter Lexicons

Class/Interaction

Term

Definition

LockedAttributes

The string representation of the atiributes that are owned by a fed

RégisteredClass

‘I'he stiing representation ofthe class that was registered by the re

RepresentedClass

‘The string representation of the class that was discovered by the {

PublishingClass

ObjectClass

thestring representation ofthe object ¢lass and atfributes publish

InteractionClass

Thestring representation of the interaction class handle. The for

|8iibscribingClass

Objectelass

‘T'he string representation of the object class and dattributes publis]

InteractionClass

The siring representation of the interaction class handle. Theé for

Action ‘TokFederate The string répresentation of the federate’s handle that the interacti
Settiming FedReportPériod i The string representation of the integer that is the number of seco
TimeReportPeriod i The string representation of the integer that is the number of seco
ObjectReportPerio i The sfrifig representation oftheinteger that is the number of secon

RequestObjectintor:
[ModityAttributeStat Objectit

e

Objectit

The string representation of the Objéctit that information’is being

The string representation of the object whose attribite token statu

AttributelD

TokenState™™

‘The string representation of the affribiife Whose instance’s tolekn
"I'He string representation of the Integral valte of the RTIETokenst

DoResignFederatio

ResignAction

"Y'he string reépresentation of the integral value of the TT::ResignAct

DobeleteObject Objectl The string representation of the object TD to use as an argument to
Time ‘The string répresentation of the federation fo use as an argument t
Tag ‘The string to Use as an argument to the deleteObject service.
Bosetrookahead iLookahead The string representation of a double that is the value the tederate’
BoSetTimeConstrai State T'he string representation of the an integer (Ture=0, False=1) that t
Control SetServicel 6gging i The string representation of the boolean value that enables/disablel
SetllogFile ‘The string representation of set log file. :

DeleteObject |

DeqlietuerIFO™

‘fhe sfring répresentation of delete object.

“THe string representation of the DéglietieFIFU.
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Object Class Structure Table

04/27/98 13:35:27

Class1

airMixture (PS)

Class2

smokeGasMixture

localParticleClusterCloud

localChemicalVaporCloud

gas 02
: co2
. o]0)
volatileChemicalVaporCloud (P
particleClusterCloud (PS)
MedicalDrugs Albuterol
Methacholine

BodyEnvironMatrix (PS)
Manager Federate

: Federation
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Object Interaction Table

Initiating Object Receiving ¢

Interaction Structure Class Affected Attributes Class
AdminMetha Methacholine None BodyEnvironMatrix
AdminAlbut Albuterol None BodyEnvironMatrix
SmokeStreamStim smokeGasMixture  {None BodyEnvironMatrix
VaporCloudStim : localChemicalVaporCi None BodyEnvironMatrix

> foud ‘ B ‘
MonoxideStim co None BodyEnvironMatrix R
ParticleCloudStim . localParticleClusterCE None BodyEnvironMatrix
oud ,
Manager.Federate ;Alert Federate i None Federate
Objectinformation :Federate None Federate
PublishingClass Federate None . Federate
SubscribingClass :iFederate None Federate
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Object Interaction Table

04/27/98 13:35:41

X

" Dbject/Area

Affected Aftributes

Interaction
Parameters

Init/ Sensel React

BodyAffectors

Dosage

IdentityProfile

TargetSystem

ImmediacyofEffect

PotLeveloflnjury

IR

BodyAffectors

Dosage

‘i |dentityProfile

TargetSystem

ImmediacyofEffect

PotLevelofinjury

AirComponents

Duration

Humidity

perCO2

‘iperO2

perCO

IdentityProfile

PotLevelofinjury

perOtherinert

TargetSystem

ImmediacyofEffect

BodyAffectors

Duration

Concentration

ImmediacyofEffect

TargetSystem

PotLeveloflnjury

IdentityProfile

AirComponents

Amount

Humidity

Duration

ImmediacyofEffect

IdentityProfile

PotLevelofinjury

TargetSystem

BodyAffectors

SizeOfParticles

Duration

ImmediacyofEffect

PotLevelofinjury

IdentityProfile

TargetSystem

None

AlertSeverity

AlertText

AlertiD

None

ObjectlD

LockedAttributes

RegisteredClass |
RepresentedClass

None

ObjectClass

InteractionClass

None

ObjectClass

InteractionClass
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Object Interaction Table

Initiating Object

Receiving ¢
Interaction Structure Class Affected Attributes Class

Manager.Federate. iServiceLogArgume:Federate None Federate
Servicel.og nts :
Manager.Federate. :RequestPublication: Federate None Federate
Action RequestSubscripti i Federate None Federate

SetTiming Federate iNone Federate

RequestObjectinfor: Federate None Federate

ModifyAttributeStat: Federate None Federate

e

Control Federate None Federate
Manager.Federate. i DoResignFederatio: Federate None Federate
Action.RemoteServ:DoDeleteObject Federate None Federate
icelnvocation o

DoSetLookahead :Federate None Federate

DoSetTimeConstrai: Federate None Federate

DoTurnRegulation :Federate None Federate

DoTurnRegulation Federate None Federate

04/27/98 13:35:41
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Object Interaction Table

'

04/27/98 13:35:41

Dbject/Area

Interaction .
Affected Attributes Parameters Init/ Sense/ React
None Handle1 IR
Handle2
HandleSet ’
ObjectiDorCount
TagOrLabeiOrNam
Time
Enumeration
Boolean
None None IR
None None IR
None FedReportPeriod IR
TimeReportPeriod
ObjectReportPerio
None ObjectiD IR
None ObjectiD IR
AttributelD
TokenState
None SetServicelogging {IR
SetLogFile :
- iDeleteObject
DequeueFIFO
None ResignAction IR
None ObjectiD IR
Time
Tag
None Lookahead IR
None State IR
None None IR
None None IR
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Attribute/Parameter Definitions

Datatype

ObjectiInteraction Attribute/Parameter Cardinality
airMixture perO2 float 1
perN2 float 1
perCO2 float i1
altitude float 1
PotLevelofinjury GenericinjuryLevelinfo 1+
ImmediacyofEffect ImmediacyofEffectData 1
‘iTargetSystem string . 1
IdentityProfile identityProfileData 1
LocationXY XYCoorData 1
smokeGasMixture perCO2 long 1
perO2 ifloat 1
perCO float i1
perOtherinert float 1
IndentityProfile IdentityProfileData 1
TargetSystem string 1
PotLeveloflnjury GenericinjuryLevelinfo 1+
ImmediacyofEffect ImmediacyofEffectData 1
localParticleClusterCloud SizeofParticles - float ) 1
ImmediacyofEffect ImmediacyofEffectData 1
PotLevelofinjury GenericlnjuryLevelinfo 1+
IndentityProfile IdentityProfileData 1
' : TargetSystem string 1
localChemicalVaporCloud { Concentration float 1
IdentityProfile IdentityProfileData 1
ImmediacyofEffect ImmediacyofEffectData 1
TargetSystem string 1
PotLeveloflnjury GenericlnjuryLevelinfo 1+ "
gas immediacyofEffect ImmediacyofEffectData 1
PotLeveloflnjury GenericlnjuryLevellnfo 1+
IdentityProfile IdentityProfileData 1
: TargetSystem string 1
volatileChemicalVaporCloud : LocationXY XYCoorData 1
: CloudDiameter float 1
Concentration float 1
Altitude float 1
LocationLL LocationLLData i1
ImmediacyofEffect ImmediacyofEffectData 1
PotLeveloflinjury GenericinjuryLevellnfo 1+
TargetSystem string 1
IdentityProfile IdentityProfileData 1
Speed float 1
DirectionofMotion XYCoorData 1
02 AmtO2 float 1
CO2 AmtCO2 float 1
CcO AmtCO float 1
particleClusterCloud LocationXY XYCoorData 1
LocationLL LocationLLData 1
ParticleSizeGroups ParticleSizeGroupList 1
Altitude float 1
IdentityProfile IdentityProfileData 1
04/27/98 13:36:01 1112




- Attribute/Parameter Definitions

Units - Resolution Accuracy Accuracy Condition
percentage tenths perfect always
percentage tenths perfect always
percentage tenths perfect always
m nearest integer perfect always
N/A N/A , N/A N/A
N/A N/A N/A , N/A
N/A N/A . perfect : always
N/A N/A N/A N/A
N/A N/A N/A N/A
percentage . tenths perfect : always
percentage tenths perfect : always
percentage tenths perfect always
percentage tenths perfect always
N/A N/A , N/A : N/A
microns N/A perfect always
N/A N/A N/A N/A
N/A N/A N/A N/A
microns nearest integer perfect always
N/A N/A N/A N/A
N/A N/A . N/A N/A
N/A N/A N/A : N/A

: perfect always
mg/m"3 tenths perfect : ) always
N/A N/A N/A N/A
NA . N/A N/A : N/A
N/A N/A perfect . always
N/A N/A ' N/A N/A M
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A perfect always
N/A N/A ' N/A N/A
m tenths perfect always
mg/m”3 tenths perfect always
m tenths . perfect always
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A - iNJA : N/A
N/A N/A perfect always
N/A N/A N/A N/A
km/sec tenths perfect always
N/A : N/A : N/A , N/A
percentage . tenths - iperfect always
percentage tenths perfect always
percentage tenths . perfect always
N/A . N/A N/A N/A
N/A ’ N/A . N/A N/A
N/A ' N/A N/A N/A
m tenths perfect : always
N/A N/A N/A N/A
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Attribute/Parameter Definitions

Update Type / Update Condition . | Transferable/Acceptable | Updateable/Reflectable
Conditional upon "big enough” change iN UR
Conditional upon "big enough” change iN - UR
Conditional _ upon "big enough” change iN UR
Static N UR
Static N UR
Static N UR
Static N UR
Static N UR
Conditional upon "big enough” change iN UR
Static N UR
Static N UR
Static N UR
Static N UR
Static N UR
Static N UR
Static N UR
Static N UR
Static N UR
Static N UR
Static N UR
Static N UR
Static N UR
Static N UR
Static N UR
Static N UR
Static N UR
Static N UR )
Static N UR
Static N UR
Static N UR
Static N UR
Conditional upon "big enough” change N UR
Conditional upon "big enough” change iN UR
Conditional upon "big enough” change :N UR
Conditional upon "big enough"” change ;N UR
Conditional upon "big enough” change  iN UR
Static N UR
Static N UR
Static N UR
Static N UR
Conditional upon "big enough” change  iN UR
Conditional upon "big enough” change iN UR
Conditional upon "big enough” change iN UR
Conditional upon "big enough” change N UR
Conditional upon "big enough” change iN- UR
Conditional - upon "big enough” change iN UR
Conditional upon "big enough” change iN HUR
Conditional If sizes drop out;physics algoiN UR
Conditional upon "big enough” change N UR
Static N UR
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Attribute/Parameter Definitions
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Object/interaction Attribute/Parameter Datatype Cardinality

TargetSystem string 1

PotLeveloflnjury GenericlnjuryLevelinfo 1+
ImmediacyofEffect ImmediacyofEffectData 1
Speed float 1
DirectionofMotion XYCoorData | 1
BodyEnvironMatrix ExternalTemp float 1
AirPressure float 1
Altitude float 1
LocationData XYCoorData 1
Humidity float 1
AirComponents AirComponentData 1

BodyAffectors string 1+

Albuterol Dosage double ’ 1 J

PotLevelofinjury GenericlnjuryLevelinfo 1+
ImmediacyofEffect ImmediacyofEffectDat 1
TargetSystem string : i
IdentityProfile IdentityProfileData 1
Methacholine - Dosage double i1
ImmediacyofEffect - ImmediacyofEffectData 1
IdentityProfile IdentityProfileData 1
TargetSystem string 1

PotLeveloflnjury - iGenericlnjuryLevelinfo 1+
Federate FederateHost string 1
' FederateHandle string 1
FederateState string 1
FederateName string 1

RTlversion string 1 ]
TimeManagerState string 1
FederatelLookahead string 1
FederateTime string 1
TimeConstrained string 1
TimeRegulating string 1
FIFOlength string 1
TSOlength string 1
DequeueFIFOasync string 1
TotalObjectCount string 1
HoldingTokensObjectCou :string 1
DeletedObjectCount string 1
NumAttributes string 1
NumParameters string 1
Federation FederationName string 1
FederationState string 1
FederatesinFederation  :istring 1
SavelsScheduled string 1
ScheduledSaveTime string 1
. RTlversion string 1
AdminMetha Dosage double ) 1
IdentityProfile IdentityProfileData 1
TargetSystem string ’ 1
ImmediacyofEffect ImmediacyofEffectData 1
4/12




Attribute/Parameter Definitions

Units Resolution Accuracy Accuracy Condition
perfect always
N/A N/A N/A N/A
N/A N/A N/A N/A
km/sec tenths perfect always
N/A N/A N/A N/A
degrees Farenheit tenths perfect always
mm Hg tenths perfect always
m nearest integer perfect ialways
N/A N/A N/A N/A
perfect always
N/A N/A N/A N/A
perfect always
gm/ml tenths perfect always
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A perfect always
N/A N/A N/A N/A
gm/ml tenths perfect always
N/A N/A N/A N/A
IN/A N/A N/A N/A
N/A N/A perfect always
N/A N/A N/A N/A
perfect always
perfect always
perfect always
perfect always
perfect always ¢
perfect always
perfect always
perfect always
perfect always
perfect always
perfect always
perfect always
perfect always
perfect always
perfect always
perfect always
perfect always
perfect always
perfect always
perfect always
perfect always
perfect always
perfect ‘jalways
perfect always
gm/ml tenths perfect always
N/A N/A N/A N/A
N/A N/A perfect always
N/A N/A N/A N/A
04/27/98 13:36:02 ' 512




Attribute/Parameter Definitions

Update Type Update Condition Transferable/Acceptable | Updateable/Reflectable
Static N R UR ’
Static N UR
Static N UR
Conditional N UR
Conditional upon "big enough” change iN UR
Conditional upon "big enough” change iN UR
Conditional N UR
Conditional N UR
Conditional N UR
Conditional N UR -
- | Conditional N UR
Conditional N UR
Static N UR
Static N UR
Conditional N UR
Conditional N UR
Static N UR
Conditional N UR
Static N~ UR
Static N UR
Static N UR
Static N UR
Conditional N UR
Conditional N UR
Conditional N UR
Conditional N UR
Conditional N UR ) "
Conditional N UR
Conditional N UR
Conditional N UR
Conditional N UR
Conditional N UR
Conditional N i UR
Conditional N UR
Conditional N UR
Conditional N UR
Conditional N UR
Conditional N UR
Conditional N UR
Conditional N UR
Conditional N UR
Conditional N UR
Conditional N UR
Conditional N UR
Conditional N UR
Conditional N UR
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A : N/A N/A
N/A © iN/A N/A N/A

]
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Attribute/Parameter Definitions

Object/interaction Attribute/Parameter Datatype Cardinality
PotLevelofinjury GenericlnjuryLevelinfo 1+
AdminAlbut Dosage double ’ 1
IdentityProfile |dentityProfileData 1
TargetSystem string 1
ImmediacyofEffect ImmediacyofEffectData 1
PotLeveloflnjury GenericlnjuryLevelinfo 1+
SmokeStreamStim Duration float . 1
perCO2 float 1
perO2 float 1
perCO float 1
IdentityProfile IdentityProfileData 1
PotLeveloflnjury GenericlnjuryLevellinfo 1
perOtherinert float 1
TargetSystem string 1
ImmediacyofEffect ImmediacyofEffectData 1
VaporCloudStim Duration float 1
Concentration float : 1
ImmediacyofEffect ImmediacyofEffectData 1
TargetSystem string ) 1
Potlevelofinjury GenericlnjuryLevellnfo 1
IdentityProfile IdentityProfileData 1
MonoxideStim Amount float 1
Duration float 1
ImmediacyofEffect ImmediacyofEffectData 1
IdentityProfile IdentityProfileData 1
PotLeveloflinjury GenericlnjuryLevellnfo 1
TargetSystem string 1 ’
ParticleCloudStim SizeOfParticles float 1
Duration float 1
ImmediacyofEffect ImmediacyofEffectData 1
PotLeveloflnjury GenericlnjuryLevellnfo 1
.identityProfile IdentityProfileData 1
TargetSystem string 1 3
Alert AlertSeverity string 1
AlertText string 1
AlertiD string 1
ServiceLogArguments Handle1 string 1
Handle2 string 1
HandleSet string 1
ObjectiDorCount string 1
TagOrLabelOrName string 1
Time string 1
Enumeration string 1
Boolean istring 1
Objectinformation ObjectiD string 1
. LockedAftributes string 1
RegisteredClass string 1
RepresentedClass string 1
PublishingClass ObjectClass string 1
InteractionClass string 1

04/27/98 13:36:02
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Attribute/Parameter Definitions

Units Resolution Accuracy Accuracy Condition
N/A N/A N/A N/A
gm/mi tenths perfect always
N/A N/A N/A N/A
N/A N/A perfect always
N/A N/A N/A N/A
N/A N/A N/A N/A
sec tenths perfect always
percentage tenths perfect always
percentage tenths perfect always
percentage tenths perfect always
N/A N/A N/A N/A
N/A N/A N/A “iN/A
percentage tenths perfect always
N/A N/A perfect always
N/A N/A N/A N/A
percentage nearest integer perfect always
mg/m"3 itenths perfect always
N/A N/A N/A N/A
N/A N/A perfect always
N/A N/A N/A N/A
N/A N/A N/A N/A
percentage tenths perfect always
sec tenths perfect always
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A perfect always ’
microns nearest integer perfect always
sec nearest integer perfect always
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A perfect always
perfect always
perfect always
perfect always
perfect always
perfect always
_iperfect always
perfect always
perfect always
perfect always
perfect always
perfect always
perfect always
perfect always
perfect always
perfect always
perfect always
perfect always
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Attribute/Parameter Definitions

P

Update Type Update Condition Transferable/Acceptable | Updateable/Reflectable
N/A iN/A N/A N/A -
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A - *
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A ~iN/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A iNJA N/A N/A
N/A N/A NJ/A N/IA
N/IA N/A N/IA N/A
N/A N/IA N/A N/IA
NIA NIA N/A N/A
NIA N/A N/A N/A
NI/A N/A N/A N/IA
N/A N/IA NIA N/IA
NIA N/IA NIA NIA
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A NI/IA NIA NIA
N/IA N/IA NI/IA N/A
N/A NIA N/A N/A
N/A N/A NIA N/A
N/A N/A NIA N/IA
NIA N/A NIA NIA
N/A N/IA N/IA N/A
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AttributeIParémeter Definitions

‘Datatype

Object/interaction Attribute/Parameter Cardinality
SubscribingClass ObjectClass string 1
InteractionClass string 1
SetTiming FedReportPeriod string 1
' TimeReportPeriod string 1
ObjectReportPeriod string 1
RequestObjectinformation: ObjectID string 1
[ModifyAttributeState ObjectiD string 1
: AttributelD string 1
TokenState string 1
DoResignFederationExec ; ResignAction string 1
DoDeleteObject ObjectiD string 1
Time ~ istring 1
, Tag string 1
DoSetLookahead Lookahead string 1
DoSetTimeConstrained :State string 1
Control SetServiceLogging string 1
SetLogFile string 1
DeleteObject string 1
DequeueFIFO string i1

b4l27/98 13:36:03

10112




Attribute/Parameter Definitions

Units Resolution Accuracy Accuracy Condition
perfect always
perfect always
perfect always
perfect always
perfect always
perfect always
perfect always
perfect always
perfect always
perfect always

~ perfect always
perfect always
perfect always
perfect always
perfect always
perfect always
perfect always
perfect always
perfect always

'
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Attribute/Parameter Definitions

Update Type Update Condition TransferablglAcceptable Updateable/Reflectable
N/A N/A N/A NIA
N/A N/A N/IA NIA
N/A N/A N/IA NIA
NI/A N/A NIA NIA
NIA N/A N/IA N/A
N/A NIA NIA NIA
N/A N/A N/A N/A
N/IA . iN/A N/IA N/A
N/A N/A N/A N/A
NIA N/IA NIA N/A
N/IA i N/IA N/IA NIA
N/A NIA N/A N/A
N/A N/A NIA NIA
N/A N/A N/A NIA
N/IA NIA N/A N/IA
N/A N/A N/A N/A
N/A N/IA N/A N/A
N/A N/A NIA N/A
N/A N/A N/A N/A -
[)
12/12
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Enumerated Datatype Table

Identifier

Enumerator

Representation

InjuryLevelData

critical

serious

minor

_inone

- junknown

ImmediacyofEffectData

immediate -

Seconds

FewMinutes

Hour

FewHours

SeveralHours

TwelveHours

Day

Days

OIOiI~DOEDIWINI =N WIN—

Week

Weeks

Month

LongTerm
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Complex Datatype Table
%:?;':;:’; ;:I:e Datatype |Cardinality] Units |Resolution| Accuracy éi‘;udﬁg‘
ParticleSize{ Smal'Size :boolean 1 N/A N/A perfect always
GroupList iMediumSiz iboolean i1 N/A N/A perfect - ialways
LargeSize iboolean 1 N/A N/A perfect always
LocationLL ;Latitude {LatLongCo i1 _iN/A N/A N/A N/A
Data Longitude :LatLongCo i1 N/A N/A N/A N/A
LatLongCo idegrees _:double 1 N/A N/A perfect always
ordFormat iminutes  idouble 1 N/A N/A perfect  ialways
XYCoorDatiX float 1 km hundredths i perfect always
a Y float 1 km hundredths iperfect always
IdentityProft Bronchioco i boolean 1 N/A N/A perfect always
leData Avejoilnfla iboolean i1 N/A N/A perfect always
MoaodifyAirPri boolean 1 perfect always
ModifyAmbi boolean 1 perfect always
ModifyAmbi boolean 1 . perfect - ialways
BindHEM iboolean 1 ~iN/A N/A perfect always
Bronchiodil :boolean 1 N/A N/A perfect always
GenericlnjuiLevel any 1 perfect always
ryLevelinfo ; Potentialnju: InjurylLevel i1 N/A N/A N/A N/A
AirCompon i COper float 1 percentage itenths perfect always
entData  ;Argonper ifloat 1 percentage itenths perfect always
O2per float 1 percentage itenths perfect always
CO2per  ifloat 1 percentage itenths perfect always
N2per float 1 percentage itenths perfect always
t
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Object Class Definitions
AN
Term ‘ Definition
airMixture The environmental air surrounding the body; used in more non-local and potentially chang
smokeGasMixture The mixture of gases which are to be inhaled by the human and which form the gases in

localParticleClusterCloud

A small cloud of particles nearby the body; involved in interactions; used in local represen;

localChemicalVaporCloud

A small chemical vapor cloud that is nearby the body, and is used in interactions; local rep;

gas

One of the states of matter; refers to stimuli in this state; stimuli serves to evoke body res

volatileChemicalVaporCloud

Vapors of volatile chemicals which affect the respiratory system. Used for more global sit

02

oxygen in the stimulus

CcO2 carbon dioxide — in the stimuli
CcO Carbon Monoxide in the stimulus
particleClusterCloud Small particles found in smoke which serve as irritants to the human resplratory system; u
MedicalDrugs Stimuli which are drugs given in a medical context.
BodyEnvironMatrix This is the body interface interested in the environmental inputs
Albuterol A medical drug which causes dilation of the bronchial tubes.
Methacholine A medical drug which constricts the bronchial passages.
Manager Manager class for the management object model.
Federate Manager subclass for federates specific information.
Federation Manager subclass for federation specific information.

\

)
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Object Interaction Definitions

, Term Definition
AdminMetha Administer the medical drug mathacholine
AdminAlbut Adminster the medical drug albuterol
SmokeStreamStim A smoke stream that is blown right onto the body; the stimuli exists right near the body
VaporCloudStim A toxic vapor cloud is the stimuli; exists right near the body .
MonoxideStim The stimuli of carbon monoxide in gaseous form is inmanent
ParticleCloudStim In the particie cloud stimuli, ash particles are the stimuli
Manager The Manager interaction group contains all Management Object Model interactio
Federate The Manager::Federate interaction group contains all MOM interactions associat
Alert The Manager::Federate::Alert interaction allows the RTI to inform the federation
ServiceL.og The Manager::Federate::ServiceLog interaction allows detailed tracing of RTlamb

‘{ServiceLogArguments

The Manager::Federate::ServiceLog::ServiceL.ogArguments interaction allows dé

Objectinformation The Manager::Federate::Objectinformation interaction is sent by the RTl in respo |
PublishingClass The Manager::Federate::PublishingClass interaction is sent by the RTl in responsj
SubscribingClass The Manager::Federate::SubscribeClass interaction is sent by the RTl in respons
Action The Manager::Federate::Action_interaction is used to preform an action on a rem
RequestPublicationTree :The Manager::Federate::RequestPublicationTree is used to request that the RTl p
RequestSubscriptionTree i The Manager::Federate::RequestSubscriptionTree interaction is used to request
SetTiming The Manager::Federate::SetTiming interaction allows modification of a federate’s
RequestObjectinformation: The Manager::Federate::Action::RequestObjectinformation interaction causes th
|ModifyAttributeState The Mana_ger::Federate::Acﬂon::ModlfyAttrlbuteState interaction allows federate
RemoteServicelnvocation i The Manager::Federate::Action::RemoteServicelnvocation interaction group cont
DoResignFederationExec : The Manager::Federate::Action::RemoteServicelnvocation::DoResignFederation
DoDeleteObject The Manager::Federate::Action::RemoteServicelnvocatlon::DoDelete interaction
DoSetLookahead The Manager::Federate::Action::RemoteServIcelnvocation::DoSetLookahead int
DoSetTimeConstrained :The Manager::Federate::Action::RemoteServlceInvocation::DoSetLookahead int
DoTurnRegulationOn The Manager::Federate::Action::RemoteServicelnvocation::DoTurnRegulationOn
DoTurnRegulationOff The Manager::Federate::Action::RemoteServicelnvocation::DoTurnRegulationOff
Control The Manager::Federate::Action::Control interaction is used to set service loggirg

04/27/198 13:37:.05
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Attribute/Parameter Lexicons

Definition

Classl/interaction Term
airMixture perO2 Percent of oxygen in the environmental air
perN2 Percent of nitrogen in the envircnmental air
perCO2 Percent of carbon dioxide in the environmental air.
altitude The height above sea level.
PotLevelofinjury The potential gravity of the injury caused by the stimuli; may involve differe
ImmediacyofEffect _iHow long before the stimuli takes effect
TargetSystem The body system which is affected by the stimuli
IdentityProfile The signature of the stimuli with regard to its effects on the body
LocationXY The latitude and longitude of this particular air Mixture
smokeGasMixture  iperCO2 __iPercnetage of carbon dioxide in the gas mixture of smoke
perO2 Percentage of oxygen making up the gases in the smoke stream
perCO Percentage of carbon monoxide making up the gases in the smoke stream
perOtherlnert Percentage of other inert gases forming the gas mixture of the smoke strea
IndentityProfile Stimuli signature wrt the body
TargetSystem Physiological system affected by stimuli
PotLeveloflnjury The potential level of injury to the body — generic — can involve muttiple levi
ImmediacyofEffect :How fast acting is the stimuli
localParticleClusterCl; SizeofParticles Only one particle size is represented in this attribute
oud ImmediacyofEffect iHow fast acting is the stimuli.
PotLeveloflnjury Potential degree of harm due to the receipt of the stimuli by the body; may
IndentityProfile List of characteristics of the stimuli
TargetSystem The physiological system upon which the stimuli has an effect
localChemicalVaporC: Concentration Strength of the chemical vapor cloud
loud IdentityProfile The characteristics of the stimuli
ImmediacyofEffect :How quickly the stimuli has an effect.
TargetSystem The physiological system upon which the stimuli has an effect
PotLeveloflnjury Potential degree of harm which the stimuli causes the recipient body; may
gas ImmediacyofEffect . iHow quxckly the stimuli has an effect. ’
PotLevelofinjury The potential degree of harm which the stimuli causes the recipient body;
IdentityProfile The characteristics of the stimul
TargetSystem The physiological system upon which the stlmuh has an effect
volatileChemicalVapo: LocationXY Physical location of the chemical vapor cloud given in xy coordinates
rCloud CloudDiameter Distance across the roughly spherical clooud
Concentration Level of chemical vapor cloud per cubic volume
Altitude Height above sea level of the center of the cloud
LocationLL The location of the toxic vapor cloud given in latitide and longitude
ImmediacyofEffect  iHow quickly the stimuli has an effect.
PotLevelofinjury The potential degree of harm which the stimuli has upon the recipient body
TargetSystem The physiological system which is the target of the stimuli activity
IdentityProfile Characteristics of the sti,uli
Speed The magnitude of the velocity with which the stimuli is moving; used in glob

DlrecﬂonofMotlon

The vector representation of the direction in which the stimuli is moving , r

02 AmtO2 Amount of oxygen in the stimulus; measured as a percentage of a standar
CO2 AmtCO2 ‘Amount of carbon dioxide in the stimulus; measured as a percentage of a si
CcO AmtCO Amount of carbon monoxide in the stimulus; measured as a percentage of
particleClusterCloud :LocationXY Location of the center of the particle cloud in x, coordinates
LocationLL Location of the center of the particle cloud in latitiude and longitude
ParticleSizeGroups : The particle size groups found in the particle cloud
Altitude The height above sea level of the roughly spherical particle cloud
IdentityProfile the characteristics of the stimuli

04/27/98 13:37:19
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Attribute/Parameter Lexicons

Classl/Interaction Term Definition
TargetSystem The physiological system which is the recipient of the sti,uli's effects -
PotlLevelofinjury Potential degree of harm that the stimuli has upon the recipient body; may
ImmediacyofEffect i How quickly the stimuli has an effect
Speed The magnitude of the velocity vector of the stimuli; used in global representy
DirectionofMotion The vector representation of the direction in which the stimuli is moving, refl
BodyEnvironMatrix {ExternalTemp The temperature in the environment -
AirPressure The pressure of the environment "air”
Altitude The height above sea level
LocationData information specifiying the location of the physical body, measured from so;
Humidity The amount of moisture in the air
AirComponents Composition by percentage of the gases in the environmental "air"
BodyAffectors A generic attribute whose cardinality is unlimited and which is used to interf
Albuterol Dosage Amount of drug
PotLeveloflnjury Potential level of injury to recipient: nominal levels, could be more than on
ImmediacyofEffect iHow long before the stimuli takes effect
TargetSystem The system which is the recipient of the stimuli
IdentityProfile The identity of the stimuli vis-a-vis teh recipient; generic possible effects
Methacholine Dosage Amount
ImmediacyofEffect iHow long before the stimuli takes effect
IdentityProfile Identity of the stimuli vis-a-vis the recipient
TargetSystem The recipient system of the stimuli in the body
PotLeveloflnjury Generic level of harm; may be mulitple levels ; varying with amount etc.
Federate FederateHost The string representation of the hostname the federate is executing
FederateHandle The string representation of an integer that is the handle assigned t
FederateState The string representation of the integer corresponding to the value
FederateName The string representation of the name speified by the federate at jot
RTlversion The string representation of the software version of the TRl library.
TimeManagerState { The string representation of the integer correpsonding to the valuo
FederateLookahea iThe string representation of a double that is the value of the federat
FederateTime The string representation of a double that is the value of the federat
TimeConstrained :The character representation of an integer that specifies whether th
TimeRegulating The character representation of an integer that specifies whether th
FIFOlength The string representation of an integer that specifies the number of
TSOlength The string representation of an integer that specifies the number of
DequeueFIFOasync: The string representation of the boolean value indicating whether or
TotalObjectCount {The string representation of an integer that specifies the total numb
HoldingTokensObj i The string representation of an integer that specified the number of;
DeletedObjectCoun: The string representation of an integer that specifies the number ob
NumAttributes The string representation of an integer that acts as an indicator of t
NumParameters -iThe string representation of an integer that acts as an indicator of t
Federation FederationName :The string name of the federation.
FederationState .:The string representation of the integral value of the RTI: ‘Federatio
FederatesinFederat: The string representation of the integral number of federates joined
SavelsScheduled iThe string representation of the boclean value indicating whether or;
ScheduledSaveTim:The string representation of the double-precision floating-point nu
- RTlversion The string representation of the version number of the federation ex
AdminMetha Dosage Amount
IdentityProfile The identity of teh stimuli vis-a-vis the recipient body
TargetSystem The recipient system in the body
ImmediacyofEffect iHow fast acting the stimuli is
2/4
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Attribute/Parameter Lexicons

Class/interaction Term Definition
PotLeveloflnjury Potential level of harm; may be multiple levels depending upon the amount,
AdminAlbut Dosage Amount
ldentityProfile The identity of the stimuli vis-a-vis the recipient body
TargetSystem The recipeint system in the body
ImmediacyofEffect {How fast acting the stimuli is
PotLeveloflnjury The potential level of harm the stimuli could have on the body; may be muli
SmokeStreamStim i Duration Length of time the smoke stream is directly blowing at a body
perCO2 “ipercentage of CO2 in incoming smoke stream
per02 percentage of O2 in smoke mixture
perCO percentage of CO in smoke
IdentityProfile the identity profile of the smoke stream vis-a-vis the human body
PotLeveloflnjury Potential level of injury
perOtherinert percentage of other inert gases in the smoke stream
TargetSystem Physiological system impacted by the smoke stream
ImmediacyofEffect iHow long it takes the stimuli to have an effect.
VaporCloudStim Duration Length of time the toxic vapor cloud is immanent
Concentration The concentration of the cloud in mifcubic cm -
immediacyofEffect _:How long it takes for the stimuli to have an effect.
TargetSystem The impacted physiological system
PotLevelofinjury The potential level of harm to the body
IdentityProfile Stimuli identification with respect to activity on the body
MonoxideStim Amount The amount of carbon monoxide that is input; measured as percentage C
Duration Lenth of time that the stimulus is applied
ImmediacyofEffect iHow quickly the stimuli has an effect.
IdentityProfile The profile of the stimuli with respect to its effect on the body
PotLevelofinjury The potential level of injury to the body
TargetSystem The physiological system which is affected by the stimuli
ParticleCloudStim  ;SizeOfParticles The average size of the particles in the particle cluster Cluster particles g8
Duration Length of time the stimuli is operating
ImmediacyofEffect ;How quickly the stimuli has an effect
PotLevelofinjury The ptoential of harm to the body
IdentityProfile Who the stimuli is with respect to the body
TargetSystem The phsiological system affected by teh stimuli
Federate FromFederate The string representation of th inititating federate’s handle.
Alert AlertSeverity The string representation ofthe integral vuale of the LogType enum
AlertText The string representation of the reason ofthe alert.
AlertiD The string representation of the serial number for an exception.
Servicelog ServiceName The string method name of the service call generatlng the interactio

Servicelnitiator

The string representation the initiator of the service call (FED for RT

ServiceLogArgume

Handle1

“iMeaning is dependent on service invoked. parameter tis represent

nts Handle2 Meaning is dependent on service invoked. Parameter is represente
HandleSet Meaning is dependent on service invoked. Parameter is represente
ObjectiDorCount :Meaning is dependent on service invoked. Parameter is represente
TagOrLabelOrNam :Meaning is dependent on service invoked. Parameter is represente
Time The string representation of the time provided to the service invoke
Enumeration Meaning is dependent on service invoked. Parameter is represente
Boolean Meaning is dependent on service invoked. Parameter is represente
Objectinformation :ObjectlD The string representation of the ObjectiD that this interaction id rep
LockedAttributes :The string representation of the attributes that are owned by a feder

RggisteredClass

The string representation ofthe class that was registered by the regi

04/27/98 13:37:19
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Attribute/Parameter Lexicons

Class/Interaction Term Definition ]
RepresentedClass :The string representation of the class that was discovered by the fr
PublishingClass  :ObjectClass The string representation ofthe object class and attributes publishe
InteractionClass i The string representation of the interaction class handle. The formai
SubscribingClass :ObjectClass The string representation of the object class and dattributes publis i

ilnteractionClass

The string representation of the interaction class handle, The formal

Action ToFederate The string representation of the federate’s handle that the interactio
SetTiming FedReportPeriod :The string representation of the integer that is the number of secon
TimeReportPeriod iThe string representation of the integer that is the number of secon
ObjectReportPerio i The string representation ofthe integer that is the number of second
RequestObjectinfor:ObjectiD The string representation of the ObjectiD that information is being r.
ModifyAttributeStat; ObjectiD The string representation of the object whose attribute token status
e AttributelD The string representation of the attribute whose instance's tolekn st
TokenState The string representation of the integral value of the RTl::TokenStat

DoResignFederatio: ResignAction The string representation of the integral value of the Tl::ResignActio
DoDeleteObject ObjectiD The string representation of the object ID to use as an argument to t
Time The string representation of the federation to use as an argument to
Tag The string to use as an argument to the deleteObject service.
DoSetlLookahead :Lookahead The string representation of a doubie that is the value the federate's
DoSetTimeConstrai: State The string representation of the an integer (Ture=0, False=1) that to
Control SetServiceLogging i The string representation of the boolean value that enables/disables]
SetLogFile The string representation of set log file.
‘iDeleteObject The string representation of delete object.
‘iDequeueFIFO The string representation of the DequeueFIFO.
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Component Structure Table
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Class Component
smokeGasMixture CcO
cO2
02
/
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Object Class Structure Table

Class1

Class2

Class3

OrganicDuctwork

NervousDuctwork

SympAbdomViscNV (PS)

SympEsophgNV (PS)

SympsubclavianNV (FS)

A () R

: SympEXtlliacNV {PS)

SyMpRENAINV(PS)

SympBronchialNy (PS)

SympatheticCardiacNerve (PS

esrgases:

: AbdominalNV (PS)

IntercostalNVv {PS)
GlessopharyngealNv {(Fs) ™

PhrenicNV (PS)

VagusNV (PS) .

SpinalColumn (PS)

KespiratoryDUCtWork

BRATRX (S)

Larynx (FS)

Traches (PS)

Bronchia (PS)

CardiovascularbDuctwork

ArteryinBody

Aorta
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Object Class Structure Table

Class4

ExtermaEiaeARRPSy ™

ExternallliacArL (PS)
[ThternalliaeArR PSy ]

TRterRalliEcARL (PSY

MiEcARRTPS)

TEEAHL PS)

ABASHIPTetARL (PS)

ABAGTHPEHEtATR (PS)

AbdomViscAriL (PS)

AbdomViscArtR (FS)

RenalArt (PS)

EsophagealArt (PS)

intercostalArt (PS)

BronchialArt (PS)

SuperiorPhrenicArt (PS)

SUBEIEVIaNARL TPS)

CommonCarotidArtL (FS)

SubclavianArtR (PS)

CommonCarotidArtR (PS)

BrachiscephalicArt (PS)

CoronaryATEryR (BS)

CoronaryArteryL (PS)

PulmcRaryARBRYR (PS)

PulmonaryArteryL (PS)

Pllmonary Trunk (PS)

- vescendingAorts (PS)

AscendingAoria (FS)

AGricATcH (PS)
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. 2/6




Object Class Structure Table

Class3

Class1 Class2
VeininBody
J
Organs Heart (PS)
Lungs (PS)
OrganicRCPTRS ChemoReceptor CO25ensor
: PHSensor
02Sensor
BaroReceptor BAROAorticArch (FS)
BAROCarotidSinus (PS)
IrritantSensor AveolarlrritantSensor (PS)
BronchiolelrrtantSensor (PS) ™
LarynxirritantSensor (PS)
‘TrachealrritantSensor (PS)
TissueGroups UpperLimbTissue (PS)
HeadNeckSpineTissue (PS)
LowerLimbTissue (PS)
TntllliacViscNParietTissue (PS)
AbdomVisceraTissue (PS)
KidneyTissue (PS)
Heartiissue (PS)
EsophagusTissue (PS)
LungTissue (PS)
RespiratoryMuscles Abdominal (FS)
Externallntercostals (PS)
Internalntercostais (FS)
Diaphragm (PS)
Cavities NasalCavity (PS)
ThoracicCavity (PS)
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Object Class Structure Table

04/29/98 10:38:03

Class4
InternalllliacVeinR {PS)

- [externallliacVeinL (PS)

TnternalllliacVeinL (PS)
[ExternalllidacVeinR (PS)

SuperiorVenaCava (PS)

InferiorVenaCava (FS)

KenalVein (PS)

PhreRicVEn (PS)

HepaticPorEIVein (PS)

" |Azy5esVER PS)

BrachiccephalicVeinR (PS) |

BrachiocephalicVeinl (FS)

SubclavianVeinR {(F5)

SubclavianVeinl (PS)

JugularVeinsk (PS)

JugularVeinsL {(PS)

PllmonaryVensi °s)

PUmonaryVeinsL {PS)

CoronaryVeinR (PS)

CoronaryVeinL (PS)

MeduICO2REEHT (PS)
[MedulPHRECHt (PSYy ™ |

CarotOZRECHE (FS)
AGFHCOZRECH (PS)




Object Class Structure Table

Class1 Class2 Class3
PleuralCavity (PS) ;
Chambers HeartChambers VentricleLeft (PS)
VentricleRight (PS)
Atrialett (PS)
AtraRight (PS)
Valves HeartValves KoricSemilunarvanve (Ps)
PulmonarySemilunarValve (P
WMitFalVave (Psy
TricuspidVaive (PS)
Epigiotis (P8
[timpedZones LingConductingZone (PS)
LungRespiratoryZone (FS)
Human (¥S)
CardiovascularSystem (S)
RespiratorySystem (S)
BodyEnvironMatrix (PS)
airMixtire (PS)
smokeGasMixture
TocalParticleClusterCloud
localChemicalVaporCloud
gas 02
co2
CO
volafifeChemicalVaporCloud (
particleClusterCloud (PS)
MedicalDrugs Methacholine
. . Albuterol ‘
[MediliRecvsendConmp (S) WMedillaReégulatoryCenter WMediillaVasomotorReg (PS)
) MedullaCardioReg (FS)
MedullaRespirReg
Manager Federate
Federation
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- : Class4

InspiratoryCenter (PS)
ExpiratoryCenter (Po)
Pneumotaxic/integrationCenter;

Object Class Structure Table
|
|
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Object Interaction Table

Initiating Object Receiving
Interaction Structure .
i Class Affected Attributes Class
riExpiratory InspiratoryCenter  :aclivityState ExpiratoryCenter
status
Ceaseinhale Epiglottis None “iInspiratoryCenter
InflationMaximum Lungs LungVolume Pneumotaxic/integra
ChangeCycleime Pneumotaxic/integraiNone ExpiratoryCenter
tionCenter TRspiratoryCenter
Openkpiglottis Pneumotaxic/integra:None Epiglottis
: EXxpiratoryCenter '
CloseEpiglottis Pneumotaxic/integra:None iEpiglotlis
ConstrictBronchioles: o BronchiolelirtantSenNone Bronchia
TrritantSensed AvedlarirritantSense i AveolarlrritantSenso :None Pneumotaxic/Integra
BronchiolelfitantSen BronchiolelrtantSen None Pneumotaxic/integra
LarynxirritantSensed: LarynxIrritantSensor : None Pneumotaxic/integra
TrachéalrritantSens | TrachealrritantSens {None Pneumotaxic/integra
IrrSensorActivated ; TracActlS BodyEnvironMatrix  {None TrachealrritantSens
or
. iLaryActls BodyEnvironMatrix  jNone LarynxlrritantSensor
BronActlS BodyEnvironMatrix :None BronchiolelrritantSen
sor ‘
AvelActlS BodyEnvironMatrix  :None AveolarlrritantSenso
: . r
ChangeArteryDiame DilateArtery MedullaVasomotorR iNone ‘AbdomParietArtL
terCommand | eg - Rbdoraretaree ] |
: g AbdomViscArtL
AbdomViscAnR
RenalArt
CommonCarotidArtL
TREERAL
BronchialArt
EsophagealArt
ExternatiiliacAtl ™
SuperiorPhrenicArt
BrachiocephalicArt
CommonCarotidArtR
ExternallliacAntR ™
CoronaryArterylL.
CoronaryArteryR
- {IntercostalArt
SubclavianArtR
SubclavianArtL
PulmonaryArteryL
PulmonaryArteryR
TMEEARR™
TntermaliiacAnt ™
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Object Interaction Table

04/29/98 10:49:23

Amount

biect/Area Interaction
Init/ Sense/ React
Affected Attributes Parameters
status None IR
activityState
‘JactivityState None IR
None None IR
Cyclelime Direction IR
Cyclgtime CydlieChange '
status None IR
status None IR
Diameter Amount IR
None {.ocation IR
None Location IR
None Location IR
None Location IR
Stafus TurnOn IR
Levelofirritant
Status TurnOn IR
Leveloflrritant
Status TurnOn IR
Leveloflrritant
Status TurnOn IR
; Leveloflrritant
Diameter IR

2110




Object Interaction Table

. Initiating Object Receiving
Interaction Structure : :
Class Affected Attributes Class
. » InternallliacArtR
ConstrictArtery MedullaVasomotorR ;None AbdomParietArtk
€g AbdomParietAriL
AbdomViscArtL
AbdomViscAnR
BrachiocephalicArt
BronchialArt
CommonCarotidArtl
CommonCarotidArtRy
CoronaryArteryl.
CoronaryArteryr
EsophagealArt
ExternalllliacAril ™
EXtErnallliacARR |
TRESAHT ™
TITESARR ™" ‘
~HrtercostalArt
PulmonaryArteryL
PulmonaryArteryR
RenalArt
SuperiorPnrenicArt
SubclavianArtR
SubclavianAril
TraternalllliacAmnL
: TnternallliacAtR
TissDistressIrans SympAbdomViscNV ;None MedullaVasomotorRk
FSYHRPEXINECNY ™ €g
SympsSubclavianNV
SYMPESSPRGNY
 SympIHtIiEENV ™
SympCarotidNV
 SympBronchialNVy ™
Sy mpRenaiNy ™" :
TissueDistress TissDistressh LungTissue MetabolicRate SympBronchialNV
' pO2otTissueGrp )
. pCO2Waste
TissDistressg EsophagusTissue  iMetabolicRate SympEsophgNV
' pOZ2ofTissueGrp
PCO2Waste
, TigsDistressf KidneyTissue Metabolichats i SympRenaiNv
pOZorlissueGrp
ipCO2Waste _
TissDistresse ABdomViscera Tissu i MetabolicRate SympAbdomViscNV
€ pO2ofTissueGrp
o pCO2Waste

04/29/98 10:49:23
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Object Interaction Table

04/29/98 10:49:23

biect/Area Interaction
- Init/ Sense/ React

Affected Attributes Parameters o

Diameter Amount IR

Diameter '

None pOZ2TissGrp IR
Location
pCO2TissGrp
whichProb

None pOZotTissGrp IR
pCO20fTissGrp
whichProolem

None pOZofTissGrp IR
whichProblem
pCO2ofTissGrp

None pO20otTissGrp IR
pCO20tTissGrp
whichProblem

None pO20fTissGrp R
pCO20fTissGrp
whichProblem
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Object Interaction Table

Initiating Object Receiving
Interaction Structure
Class Affected Attributes Class
TissDistressd TnflliacViscNPariefTi: MetabolicRate SympIntilliacNV |
ssue pO2ofiissueGrp :
. » pCO2Waste
TissDistressc LowerlimbTissue ™ iMetabolicRate SympExtlliiacNV
pO2cfTissueGrp :
pCO2Waste
TigsUistressb HeadNeckSpine TissipO2ot Tissuelrp SympCarotidNV
ue MetabolicRate
) pro2waste
‘TissDistressa UpperLimbTissue - iMetabolicRate SympsubclavianNV
) pO2orTissueGGrp
pCo2wasts
DecreaseHeartStrok VagusNV None Heart
IncreaseHeartStroke SympatheticCardiac i None Heart
HStrokeVolumebecr MedullaCardioReg i BPHeartSysMonitor : VagusNV
HStrokeVolumelncr MedullaCardioReg i BPHeartSysMonitor : SympatheticCardiac
HéartRateCommand: ParasymincreaseRa: VagusNV None Heart
IncreaseRate SympatheticCardiac :None Heart
DecreaseRate VagusNV None Heart
HeartRateTrans ParasymHeéartRatel iMedullaCardioReg  iNone VagusNV
IncreaseHeartRate  iMedullaCardioReg  iNone - iSympatheticCardiac
DécreaseHeartRate iMedullaCardioReg  jNone VagusNV
ChemPHParasym1r MedullRecvSendCo i None VagusNV
ans mp
ChemPHSymp Transi MeduliRecvSendCo iNone SympatheticCardiac
mp “iNerve
RelaxTransA nspiratoryCenter " iNonhe PhrenicNV
v TntércostaiNy
RelaxTransB ExpiratoryCenter  ;None AbdominalNV
IntercostalNy
ContractiransA TnspiratoryCenter  iNone IntercostalNy
PhrenicNV
ContractTransB ExpiratoryCenter  {None AbdominalNV
TntercostaiNv
Relax RelaxAbdominals ™ tAbdominaiNy’ None Abdominal
RelaxInternallriterco i IntercostalNVv None Internalntercostals
RelakExternallnterce IntercostalNV None i Externallntercostals
RelaxDiaphragm PhrenicNV None “iDiaphragm
Contract iContractDiaphragm :PhrenicNV None Diaphragm
Contractinternallnter:IntercostalNVv None Internaintercostals
ConfracteExtérnalinte intercostalNVv None Externallntercostals
ContractAbdoninals TAbdominalNV None Abdominal
ReturnToNormalpOZ VagusNV None MeduliaCardioReg
- GlossopharyngealN ™ :
LowpO2 VagusNV None MedullaCardioReg
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Object Interaction Table

04/29/08 10:49:24

bject/Area , Interaction - X
Init/ Sense/ React
Affected Attributes Parameters
None pO2otTissGrp IR
‘ PCU26TissGip '
whichProblem
None pOZofhissGrp IR
pCO20fTissGrp
whichProblem
None pOZofTissGrp IR
pCO20tTissGrp
whichProblem
None pOZ2ofTissGrp R
whichProblem
pCOZotTissGrp
StrokeVolume Amount IR
StrokeVolume Amount IR
None Amount IR
None Amount IR
HeartRate Amount IR
HeartRate Amount IR
HeartRate Amount IR
None Arounit IR
None Amount IR
None Amount IR
None DecreaselnSV IR
DecreaselnHR
None IncreaselnHR IR
IncreaselnSV
None Amount IR
None Amount IR
None Amount IR
None Amount IR
ContractionLevel Amount IR
ConfractionLevel Amount IR
ConiractionLevet Amount IR
ContractionLevel Amount IR
ContractionLevel Amount IR
ContractionLevel Amount IR
ContractionLevel Amount IR
ContractionLeve! Amount IR
BPHeartSysMonitor {pO2Value IR
BPHeartSysMonitor :pOZValue iR
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Object Interaction Table

Initiating Object Receiving
Interaction Structure .
Class Affected Attributes Class

GlossopharyngealN

TncreaseBP GlossopharyngealN iNone MeédullaCardioReg
S VagusNv ‘

DecreaseBP VagusNV “"iNone _ MedullaCardioReg

 GlossopharyngeaiN™
AdminAlbut Albuterol None BodyEnvironMatrix
SmokeStreamStim ‘ smokeGasMixture  iNone BodyEnvironMatrix
VaporCloudStim , TocalChemicalVapor :None BodyEnvironMatrix

Cloud '

'

MaroxideStini co T INGHE  BOAYERVIFGRMaT X
ParticleCloudStim localParticleClusterC:None ‘ BodyEnvironMatrix

loud '
AdminMetha , Methacholine None BodyEnvn‘onMatnx
Mznager.Federate Alert - Federate None Federate
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Object Interaction Table

04/29/98 10:49:24

bject/Area

Interaction

Affected Attributes

Parameters

Init/ Sense/ React

BPHeartSysMonitor

Amount

Location

BPHeartSysMonitor

Amount

Location

BodyAttectors

Dosage

Tmimediacyoretfect

TargetSystem

Potl.evelotinjury

fIdentityProfile ™

AirComponents

Duration

Hurmidity

perto?

perO2

perco

\asnitityProfie

Potleveloinjiry
perOtherlner ™|

Targetsystem

ImmediacyotEifect

BodyAREctoTs

Duration

Concentration

Immediacyorerfect

TargetSystem

PotLevelotinjury
IdentityProfile™ ™

AirComponents

Amount

Hiimidity

Duration

Immediacyofeffect

1dentityrrotie

Potleverotlnjiry

TargetSystem

BodyARSctors

SizeOtParticles

Duration

Immedigcyofetect

PotLevelotinjury

IdéntityProfile

TargetSystem

BodyARSEors

Dosage

PotLevelomjury
TdentityProfile™

TargetSystem

None

AlertSeverity

AlertText

AlertlD
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Object Interaction Table

Initiating Object Receiving
Interaction Structure -
Class Affected Attributes Class
Objectinformation iFederate None Federate
PublishingClass  iFederate None Federate
SiibscribingClass iFederate None Federate
Manager.Federate. SeMceLogArgume Federate None Federate
Servicelog nts (
Manager.Federate. i RequestPublicatio :Federate None Federite
Action RéqgliestSubscripti iFederate None Federate
SetTiming Federate None Federate
RequestObjectlnfor Federate "iNone Federate
ModityAttributeStat Federate None Federate
e :
\
Control Federate None Federate
Manager.Federate. ;i DoResignFederatio: Federate None Federate
Action.RemoteServitigUeleteUbject ~iFederate None Fedérate
icelnvocation \
boSetlookahead  ;Federate None Federate
DoSetrimeConstrat Federate None Federate
DoTurnRegulation ;Federate None Federate
DoTurnRegulation iFederate None Federate

04/29/98 10:49:24
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Object Interaction Table

04/29/98 10:49:24

blect/Area Interaction
Init/ Sense/ React
Affected Attributes Parameters ‘ :
None ObjectlD
LockedAttributes
RegisteredClass
RepresentedClass
None ObjectClass IR
InteractionClass
None ObjectClass IR
InteractionClass
None Handle? R
Handle2
HandleSet ™
ObjectiborCount |
TagOrLabelOrNam
Time
ERumeration
Boolean — :
None None IR
Norne None IR
None FedRéportPeriod (IR
TimeReportPeriod
UbjectReportPerio
None ObjectlD IR
None ObjectiD IR
AttributelD )
Tokenstate ™ | )
None SetServicellogging:IR
SetLogFile
DeleteObject
DequeterIFo™
None ResignAction IR
None Objectlty IR
Time
Tag
None [ookahead IR
None State IR
None None IR
None None IR
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Attribute/Parameter Definitions

Object/Interaction Attribute/Parameter Datatype Cardinality
NervousDuctwork TransmissionFactor double 1
Heart HeartRate double 1

StrokeVolume double 1
CardiacOutput double 1
PeripheraiKesistancelotal :double 1
ForceOfContraction double 1
BloodPressure double 1
Lungs LungVolume double 1
InternalLungPressure double 1
OverallAirwayResistance  :double 1
TidalVolume double 1
DeadAirSpace double 1
KespiratoryRate double 1
LungCompliance tloat 1
InspiratoryCapacity fioat 1
VitalCapacity float 1
TotalCungCapacity tioat 1
InspiratoryReserveVolume iiloat 1
ExpiratoryReserveVolume * itloat 1
ResidualVoiume float 1
IrritantSensor Location string 1
Status siring 1
TissueGroups MetabolicRate “idouble 1
pCO2Waste double 1
pOsbsRaRd double 1 '
PeripheralResistance double 1
O2EXxtractionCoeticient double 1
PercentCardiacOutput float 1
pO2ofTissueGrp float 1
Epiglottis status string 1
Human HemoglobinBindingPercent ;float 1
Age double 1
Weight double 1
Temperature float 1
HumanState HumanStateData 1
Shuntractor double 1
ArteryinBody pOZin double 1
FlowRate “idouble 1
Diameter double 1
pCO2In fioat 1
Aorta pO2In double 1
pCO2In double 1
FlowRate double 1
Diameter double 1
VeininBody FlowRate double 1
' Diameter double 1

04/29/98 11:45:05
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Attribute/Parameter Definitions

Units Resolution Accuracy Accuracy Condition
N/A . hundredths pertect always
- [invérsetime (per minute)  :hundredths perfect always
mi hunaredths pertect always
mi/min hundredtns pertect always
perfect always
tenths perfect always
mm Hg hundredths perfect always
cm3 tenths pertect always
pertect always
pertect always
mi tenths perfect always
ml tenths pertect always
inverse time (per minute)  :itenths pertect always
Jém H20 hundredths perfect Aways
mi tenths perfect always
ml tenths pertect always
mi tenths pertect always
ml tenths pertect always
ml tenths pertect always
mi tenths perfect always
/A N/A™™ perfect always
N/A N/A perfect ~ialways
perfect always
mim Hg Rindrédths perfect always .
mm Hg Aundredths perfect always
: perfect always
pertect always
percentage tenths pertect always
mm Hg tenths perfect always
N/A N/A perfect always
percentage tenths pertect always
perfect always
. perfect always
degrees Farenheit tenths perfect always
N/A N/A N/A N/A
percentage tenths perfect always
mm Hg tenths perfect always
tenths perfect always
mm tenths perfect always
mm Hg tenths perfect always
perfect always
pertect always
perfect always
perfect always
tenths pertect always
tenths perfect always
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Attribute/Parameter Definitions

Update Type Update Condition Transferable/Acceptable | Updateable/Reflectable

Static N UR
Conditional _ il changed 1A UR
[Conditional Upon change TA UR
Conditional Upon change TA UR
[Conditional Upon change TA UR
Conditional Upon change TA UR
Conditional If changed TA UR
[Conditional Upon change TA UR
Conditional Upon change 1A UR
Conattional If changed TA iUR
Static TA UR
Static 1A UR
Periodic eV Gycle TA UR
Static TA UR
Static TA UR
Static TA UR
Static TA UR
Static TA UR
Static TA UR
Static 1A UR
Static N CiUR
Conditional Upon change N UR
[Conditional ff'changed N UK
Periodic Every cycle N UR .
Conditional Every cycle N UR
Conditional If changed N UR
Static . N UR
rConditional If'changed N UR
Conditional If changed N UK
[Conditional If'éhanged N UR
Static N UK
Static N UR
Static N UR
Conditional ilf changed N UR
[Conditional If'changed N UR
Static N UR
Periodic Every cycle TA UR
[Conditional IF'changed TA UR
iConditional IF'éhanged TA UR
Periodic Every cycle TA UR
Périodic EVEry ¢ycle TR UR
Periodic Every cycle TA UR
[Conditional f'changed TA UR
[Conditional F'changed TR UR
Conditional [f changed TA UR
[Conditional Upon change TA UR
04/29/98 11:45:06 3/24




Attribute/Parameter Definitions

Object/Interaction Attribute/Parameter Datatype Cardinality
pO20ut float 1
pCO20ut float 1
Pharynx Diameter float 1
Larynx Diameter float 1
Trachea Diameter float 1
Bronchia Diamieter float™ 1
SpinalColumn CerebrospinalFiuidPH double 1
NasalCavity NasalCavityVolume double 1
FiowRate float 1
ThoracicCavity ThoracicCavityVolume float 1
PleuralCavity PletiralCavityVolume double 1
Abdominal ContractionLevel double 1
Externallntercostals Confractiontevel float 1
Tntérnalintercostals ContractionCevel double 1
Diaphragm ConfractionLevel double T
LungConductingZzone AirwayResistance double 1 i
LungRespiratoryzone pO2staleBlood double 1
pCO2staleBlood double 1
pO2InspiredAir double 1
pCO2inspiredAir double 1
CO2bitffCoeft double 1
020ifCoetr double 1
pO20ut double 1
pCO20ut double 1 .
DMinverse float 1
MembraneSurfaceArea fioat 1
Meinbrane T Rickness tloat” 1
AveolarVentilationRate double 1
BAROAorticArch Location double 1
Status double 1
BPChange double 1
DirectionBPChange string 1
BAROCarotiaSinus Location string 1
Status string 1
BPChange double 1
DirectionBPChange string 1
MedulPHRecpt Location string 1
pHCerebroSpinalFiuid double 1
Status string 1
CarotOZRecpt Location string 1
pO2 double 1
o Status string 1
AorticO2Recpt Location string 1
pO2 double 1
Status string 1
HeartValves Position string 1

04/29/98 11:45:06
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Attribute/Parameter Definitions

‘ Units Resolution Accuracy Accuracy Condition

mm Hg tenths perfect always
mm Hg tenths perfect always
mm tenths pertect always
mm tenths perfect always
mm tenths perfect always
mm tenths perfect always
hundredths pertect always
cma integer value pertect always
mi/min integer value pertect always
cm3 integer value pertect always
cm3 hundredths pertect always
percentage hundredths pertect always
percentage tenths ' perfect always
percentage hindredths perfect always
percentage hundredths perfect always
periect always
mm Hg hundredths perfect always
mm Hg Rundredths perfect always
mm Hg hundredths perfect always
mm Hg hundredtns perfect always
ml/min/mm Hg hundredths perfect always
ml/min/mm Hg Rundredths pertect always
mm Hg tenths pertect always
mm Hg tenths perfect always

pertect always *
cm2 tenths perfect always
mm integer value pertect always
Umin tenths perfect always
pérfect aiways
. perfect always
pércentage hindredths perfect always
perfect always
perfect always
perfect “ialways
percentage thousandths perfect always
perfect always
perfect always
hundredths pertect always
N/A N/A pertect always
pertect always
mm Hg thousandths perfect always
N/A N/A™ perfect always
perfect Fiways
mm Hg thousandths perfect always
perfect always
N/A N/A pertect always
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Attribute/Parameter Definitions

Update Type Update Condition Transferable/Acceptable | Updateable/Reflectable
Periodic Every cycle TA UR
Péricdic "TIEVERy ¢yele TK ; UR
Static ) TA UR
Static TA UR
Static . TA UR
[eonditional I Shanged TA ‘ UK
Conaitional If changed TA UR
Static N UR
[Conditional If ¢hanged ‘ N UR
Conditional It changed TA UR
[Conditional If'éhanged TK UR
[Conditional Ifchanged N T IUR
[Conditional T ¢hanged N UR
Conditional IF'éhanged N UR
[Conditional F'ehanged N UK
jConditional If'¢hanged TA UR
Perioaic Every Cycle N UR
Périodic EVery cycle _ TA™ UR
Périodic Every Cycle TA UR
Periodic Every Cycle TA UR
static ' TA ‘ UR
Static TA UR
Periodic Every Cycle CEIA UR
Periodic Bvsry Cydle TR UR X
Static TA UR .
Static TA UR
[Conditional " Shanged TA UK
Periodic Every Cycle TA UR
Static N UR
[Conditional Upon ¢hange N UR
Tonditional Upon change N UR
Conditional Upon change N UR
Static N UR
[Conditional Upon ¢hange N UR
Conditional Upon change N UR
[Conditional Upon change N UR
Static N UR
Conditional Upon change N UR
[Conditional Upon ¢hange N UR
Static N UR
[Conditional Upon change N UR
Conditional Up6H change N UK
Static N UR
jConditional Upon change N UR
[Conditional Upon éhange N UK
iConditional If'changed N UK
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Attribute/Parameter Definitions

Object/Interaction Attribute/Parameter Datafype Cardinality

HeartChambers HeartChambervolume float 1
EfficiencyotfContraction float 1
pO2in aouble 1
pO20ut double 1
pCO2In double 1
pCO20ut double 1
Medillavasomotoreg statiis string ™ 1
activityState string 1

BPMonitor Tissues sfring 1+
MedullaCardioReg status “istring 1
activityState string 1

’ BPHeartSysMonitor string 1+
MedullaRespirKeg status string 1
activityState any 1
InspiratoryCenter Cyclefime tioat 1
ExpiratoryCenter CycleTime float k|
MedulCO2Recpt Location string 1
Status string 1
pCOZ float 1
BodyEnrvironMatrix ExternalTemp float 1
AirPressure float 1
Altitude fioat . 1
LocationData LocationXY 1

Huimidity float i R

AirComponents AirConstituentPercent 1

BodyAffectors string 1+
airMixture perOZ tloat 1
. perN2 float 1
perCO2 float 1
altitide tioat 1

Potleveloflnjury GenericlnjuryL.evellnio T+
Immediacyoftffect ImmediacyoftfiectData 1
TargetSystem string 1
TdéntityProfile ldentityProfileData 1
LocationXY XYCoorData 1
smokeGasMixture perCO2 float 1
perO2 float 1
perCO fioat 1
perOtherinert tfloat 1
IndentityPrortile ildentityProtileData 1
N Targetsystem sting 1

PotlLevelotlnjury GenericinjuryLevelinio 1+
Immeédiacyofeffect ImmediacyotetfectData™ ;T
localParticleClusterCloud i SizeofParticles float 1
Immediacyoftifect - ImmediacyoftifectData 1

PotLevelofinjury GenericlnjuryLevellnfo 1+

04/29/98 11:45:07
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Attribute/Parameter Definitions

Units Resolution Accuracy Accuracy Condition
cm3 integer value perfect always
percentage nearest integer perfect always
mm Hg tenths pertect always
mm Hg tenths perfect always
mm Hg tenths pertect always
mm Hg tenths perfect always
N/A N/A perfect always
N/A N/A perfect “ialways
N/A N/A pertect always
N/A N/K perfect always
N/A N/A periect always
N/A N/A pertect always
N/A N/A perfect aiways

pertect always
sec tenths perfect always
sec tenths perfect always
/7.y TRIA pertect always
N/A N/A perfect always
mm Hg tenths pertect always
degrees Farenheit integer value perfect always
mm Hg tenths perfect always
m integer value pertect always
N/A N/A N/A N/A
percentage integer value perfect always '
N/A N/A N/A N/A
N/A N/A perfect always
percentage tenths perfect always
percentage tenths periect always
percentage tenths pertect always
m nearest integer perfect always
N/A N/A N/A N/A
N/A N/A N/A N/A
N7 K/A perfact always
N/A N/A N/A N/A
N/A N/A N/A N/A
percentage tenths perfect always
percentage tenths pertect always
percentage tenths perfect always
percentage tenths pertect always
N/A N/A N/A N/A ,
microns N/A perfect - ialways
N/A N/A N/A N/A
N/A N/A N/A N/A
microns nearest integer perfect always
N/A N/A N/A N/A
N/A N/A N/A N/A
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Attribute/Parameter Definitions

Update Type Update Condition Transferable/Acceptable | Updateable/Reflectable
Conditionat Every Cycle N UR
Conditional N UR
[Conditional N UR
[Conditional N UR
Conditional N UR
Conditional N UR
Conditional Upon change TA UR
Conditional Upon change TA UR
Conditional If changed N UR
[Conditional Upon ¢hange TA UR
[Conditional Upon change TA UR
Conditional ilf changed N UR
iConditional Upon change TA UR

" [Conditional Upon change TA UR
[Conditional If'changed N UR
[Conditional f'changed N UR
Static N HUR
[ Conditional Upon change N UR
Conditional Upon change N UR
Conatitional It changed TA UR
Static TA UR
Static 1A UR
[Conditional If'éhianged TA UK
[Conditional Upon ¢hange N UR .
Conditional If'éhanged TA UR
Conditional If'ehanged N UR
Conditional lipon "big enough" change ™ iN UR
[Conditional Upon "big encugh” change iN UR
[Conditional upon "big enough" change™ ;N UR
Static N UR
Static N UK
Static N UR
Static N UR
Static ‘ N UR
[Conditional upon "big enough" change ;N TUR
Static N UR
Static N UR
Static N UR
Static N UR
Static N UR
Static N UR
Static N UR
Static N UR

IStatic N UR
Static N UR
Static N UR
\
)
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Attribute/Parameter Definitions

Object/Interaction Attribute/Parameter Datatype Cardinality
IndentityProfile IdentityProfileData 1
: TargetSystem . string 1
localChemicalVaporCloud i Concentration float 1
IdentityProtile IdentityProtileData 1
Immediacyoittect ImmediacyotEffectData 1
TargetSystem string 1
Potlevelotlnjury GenericlnjuryLevellnto 1+
gas ImmediacyofEffect ImméediacyoftifectData 1 )
PotLeveloflnjury Genericlnjuryl.evellnfo 1+
IdentityProtile IdentityProtileData 1
TargetSystem string 1
volatileChemicalVaporClou iLocationXY XYCoorData 1
d Clotiabiameter foat 1
Concentration i itloat 1
Altitiige " Hioat i
LocationLL LocationLLData 1
[mmediacyofEtiect ImmediacyoftffectData 1
PotLeveloflnjury GenericlnjuryLevellnfo 1+
TargetSystem string 1
IdentityProfile IdentityProfileData 1
Speed float 1
DirectionotMotion XYCoorData 1
02 AmtO2 float 1
co2 AmtCO2 float 1 .
CO AMtCO float 1
particfeClusterCloud LocationXY XYCoorData 1
LocationLL Locationt.l.Data 1
ParticleSizeGroups ParticleSizeGroupList 1
Altitude float 1
IdentityProfile IdentityProfileData 1
TargetSystem string i
PotLeveloflnjury GenericlnjurylLevellnfo 1+
Immediacyofeffect Immediacyoftifectata 1
Speed fioat 1
DirectionotMotion XYCoorData 1
Methacholine Dosage float 1
PotLeveloflnjury GenericlnjuryLevelinto 1+
Immediacyoftifect ImmediacyofeffectData 1
IdentityProtile IdentityProfileData 1
TargetSystem string 1
Albuterol Dosage double - 1
Immediacyofttect {immediacyoiktriectData 1
TargetSystem string : 1
IdentityProtile IdentityProtileData 1
PotlLevelotinjury GenericinjuryLevelinfo 1+
Federate FederateHost string 1

04/29/98 11:45:07
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Attribute/Parameter Definitions

Units Resolution Accuracy Accuracy Condition
N/A N/A N/A N/A
) perfect AlWays
mg/m*3 tenths pertect always
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A perfect always
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A pertect always
N/A N/A N7A N/A
m tenths perfect always
mg/m*3 tenths perfect always
m tenths perfect always
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A pertect always
N/A N/A N/A N/A
km/sec - tenths perfect always
N/A N/A N/A N/A
percentage tenths perfect always
percentage tenths perfect always .
percentage tenths perfect always
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
m tenths perfect always
N/A N/A N/A N/A
perfect always
N/A N/A N/A N/A
N/A N/A N/A N/A
km/sec tenths perfect always
N/A N/A N/A N/A
gm/mi nearest integer perfect aiways
N/A N/A N7A N/A
N/A N/A N/A N/A
N/A N/A SNIA N/A
N/A N/A perfect always
gm/mi nearest integer perfect always
N/A N/A N/A N/A
N/A N/A pertect always
N/A N/A N7A N/A
N/A N/A N/A N/A
perfect always
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Attribute/Parameter Definitions

Update Type Update Condition Transferable/Acceptable | Updateable/Reflectable

Static N UR
Static N UR
Static N UR
Static CiN UR
Static N UR
Static N UR
Static N UR
Static N UR
Static N UR
Static N UK
Static N UR
Conditional upon "big enough” change N UR
[Conditional upon "big enough" change ;N UR
Conditional upon 'big enough” change N UR
Conditional upon "'big enough” change :N UR
Conditional upon "big enough” change :iN UR
Static N UR
Static N UR
Static N UR
Static N UR
Conditional upon "big enough" change ;N UR
Conditional upon "big enough” change :iN UR
[Conditional Upon "big endugh* change™ iN UR
Conditional upon "big enough” change iN UR .
[Conditional upon "big enough™ change ;N UR
[Conditional Uipon "big enough™ change iN UK
Conditional upon "big enough” change :N UR
[Conditional IF$izés drop out;physics alg:N UR
FConditional tipon "big enough" change iN UR
Static N UR
Static N UR
Static N UR
Static N UR
Conditional N UR
[Conditional upon "big éncugh* change iN UR
Static N UR
Static N UR
Static N UR
Static N UR
Static N UR
Static N UR
Static N UR™
Static N " UR
Static N UR
Static N UR
[Conditional N UR

04/29/98 11:45:07
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Attribute/Parameter Definitions

Object/interaction

Attribute/Parameter

Datatype

Cardinality

FederateHandle string 1
FederateState sfring 1
FederateName string 1
RTlversion string 1
- TimeManagerstate string 1
FederateLookahead string 1
Federatelime string 1
TimeConstrained string 1
TimeRegulating string B 1
FIFOléngth "isfring 1
T8Ulerigth stiing |
DequeueFklFOasync string 1
TotalObjectCount string 1
HoldingTokensObjectCou:string 1
iDeletedUbjectCotint string 1
NumAttributes sfring 1
NumParameters string 1
Federation FederationName string 1
FederationState string 1
FederatesinFederation string 1
SavelsSchediiled sfring 1
SchediledSaveTime string 1
RTlversion string 1
ChangeCycleTime Direction string 1 '
CycleChange float 1
ConstrictBronchioles Amount flioat k|
TissDistressirans pO2TissGrp float 1
Location string 1
pCO2TissGrp float 1
whichProb string 1
DecreaseHeartStrokeVolum: Amount float 1
IncreaseHeartStrokeVolum i Amount double 1
HStrokeVolumebDecrirans :Amount foat 1
HStrokeVolumelncrTrans —;Amount double 1
ChemPHParasymTrans DecreaselnSV fioat 1
DecreaselnHR float 1
ChemPHSympTrans IncreaselnHR tioat 1
IncreaseinSV - float 1
KelaxTransA Amount double 1
ReEXTransE AFGURE double g
ContractTransA Amount double 1
Contractiransi Amount ~tdouble 1
ContractDiaphragm Amount \ double 1
Contractinternallntercostals : Amount double 1
ContractExternallntercostal : Amount float 1
ContractAbdominals Amount double 1

04/29/98 11:45:08
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Attribute/Parameter Definitions

Units Resolution Accuracy Accuracy Condition
perfect always
perfect always
perfect always
pertect always
pertect -ialways
perfect always
perfect always
perfect always
pertect always
pertect always
perfect always
perfect always
perfect always
pertect always
perfect always
pertect always
perfect always
pertect always
perfect always
perfect Always
perfect always
perfect always
pertect always

N/A N/A pertect always .
sec tenths periect always
percentage tenths perfect always
mm Hg tenths pertect always
N/A N/A pertect aiways
mm Hg tenths pertect always
N/A N/A pertect always
percentage tenths perfect always
percentage tenths pertect always
percentage tenths pertect always
percentage tenths perfect always
percentage tenths perfect always
percentage pertect always
percentage tenths perfect always
percentage “itenths perfect always
percentage tenths pertect always
" [percentage tenths perfect always
percentage tenths perfect always
percentage tenths perfect always
pertect always
perfect always
percentage tenths perfect aiways
perfect always
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Attribute/Parameter Definitions

t

Update Type Update Condition Transferable/Acceptable U‘pdateabIeIReﬂectable
Conditional N ' UR
[Conditional N UR
[Conditional N UR
[Conditional N UR
Conditional N UR
[Conditional N UR
Conditional N UR
Conditional N UR
'Conditional N UR
[Conditional N UR
[Conditional N UK
[{Conditional N UR
IConditional N UR
[Conditional N UR
[Conditional N TUR
[Conditional N UR
[Conditional N UR
[Conditional N UR
Conditional N UR
[Conditional N UR
Conditional N UR
[Conditional N UR
[Conditional N UR
N/A N/A N/A N/A .
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A . iNJA N/A
117y KIK “TNTA KA
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/IA N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
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Attribute/Parameter Definitions

Object/Interaction Attribute/Parameter Datatype Cardinality
elaxAbdominals Amount double ' 1
Relaxinternallntercostals  :Amount double i1
Relaxkxternallntercostals  :Amount float 1
RelaxDiaphragm Amount double 1
ParasymHeartRatelncrease: Amount float 1
IncreaseHeartRate Amount double 1
DecreaseHeartRate Amount double 1
ParasymlncreaseRate Amount float 1
IncreaseRate Amount double 1
DecreaseRate Amount double 1
DilateArtery Amount double 1
ConstrictArtery Amount double 1
KReturnToNormalpOZ2 pO2Value float 1
LowpO2 pO2Value double 1
IncreaseBP Amount double 1
Location string 1
DecreaseBF Amount double 1
Location string 1
AveolarlrritantSensed Location string 1
BronchiolelrritantSensed  ;Location string 1
LarynxirritantSensed Location string 1
TrachealrritantSensed Location string 1
- fTissDistressh pO2ofTissGrp float 1
pCO2ofTissGrp - float 1 .

whichProbiem string 1
TissDistressg pO2ofTissGrp float 1
whichProblem string 1
pCO2ofTissGrp float 1
TissDistresst pO20fTissGrp float 1
pCO20fTissGrp fioat 1
whichProblem string 1
TissDistresse pO20fTissGrp float 1
ipCO20fTissGrp float 1
.iwhichProblem string 1
TissDistressd pO20ofTissGrp float 1
pCO20fTissGrp float 1
whichProblem string 1
TissDistressc pO2ofTissGrp tloat 1
pCO201TissGrp float 1
whichProblem string 1
TissDistressb pO2otTissGrp float 1
pCO20iTissGrp float 1
whichProblem string 1
TissDistressa pO20fTissGrp any . 1
whichProblem string 1
pCO20fTissGrp float 1
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Attribute/Parameter Definitions

Units Resolution Accuracy Accuracy Condition
percentage tenths perfect always '
percentage tenths periect always
percentage tenths pertect always
percentage tenths periect always
percentage tenths “iperfect always

integer value perfect always
integer vaiue pertect always
percentage tenths periect always
integer value perfect always
integer value perfect always
percentage hundredths perfect always
percentage hundredtns perfect aiways
mm Hg tenths pertect always
mm Hg tenths perfect always
percentage tentns pertect always
N/A N/A pertect always
percentage tenths perfect always
N/A N/A pertect always
N/A N/A perfect always
N/A N/A perfect always
N/A N/A perfect always
N/A N/A perfect always
mm Hg tenths pertect always
mm Hg . tenths pertect always '
/A N/A perfect always
mm Hg tenths perfect always
N/A N/A perfect always
mm Hg tenths pertect always
mm Hg tenths perfect always
mm Hg tenths perfect always
N/A N/A perfect always
mm Hg tenths pertect always
mm Hg tenths pertect always
N/A N/A perfect always
mm Hg tenths perfect always
mm Hg tenths pertect always
N/A N/A perfect always
mm Hg tenths pertect always
mm Hg tenths pertect always
perfect always
mm Hg tentnhs perfect always
mm Hg tenths perfect always
N/A N/A pertect aiways
pertect always
N/A N/A perfect always
mm Hg thousandths pertect always
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Attribute/Parameter Definitions

Update Type Update Condition Transferable/Acceptable | Updateable/Reflectable

A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A - iN/A N/A
N/A N/A CINTA N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A iN/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
KA NIA KA K7A '
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A iINFA
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
/Y 7/ — L/ /Y
N/A N/A N/A N/A
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Attribute/Parameter Definitions

!

04/29/98 11:45:09

Object/Interaction Attribute/Parameter Datatype Cardinality

racActiS TurnOn string 1
Leveloflrntant string 1
LaryActlS TurnOn string 1
Levelotlrritant string 1
BronActiS TurnOn string 1
Leveloflrritant string 1
AvelActlS TurnOn string 1
Leveloflrritant string 1
AdminAlbut Dosage double 1
Immediacyortitect ImmediacyotkffectData 1
TargetSystem string 1

Potlevelofinjury Genericlnjuryl.evellnio 1+
dentityProfile [dentityProfileData 1
SmokeStreamstim Duration float 1
perCO2 fioat 1
perO2 tloat 1
perCO float 1

identityProfile™ ldentityProfiletiata 1"
PotCeveloflnjury GenericlnjurylLevellnio i]
perOtherlnert float 1
TargetSystem string 1
, ImmediacyofEfect ImimediacyofttfectData 1
VaporClouaStim Duration float 1
Concentration fioat 1

Immediacyott=tiect ImmediacyoiktitectData 1 :

. TargetSystem string 1
PotLevelotinjury GénericlnjuryLevellnto 1
TdentityProfile [déntityProfileData 1
MonoxideStm Amount float 1
Duration float 1
Immediacyotktiect ImmediacyotkitectData 1
[déntityProfile TdéntityProfiletiata 1
Potleveloflnjury GenericlnjuryLevelinfo 1
TargetSystem string 1
ParticleCloudStim -1 S1zeOfParticles float 1
Duration tioat 1
ImmediacyotEftect ImmediacyofElfectData 1
PotLevelotlnjury GenericlnjuryLevellnio 1
IdentityProtile IdentityProfileData 1
TargetSystem string 1
AdminMetha Dosage , double 1
Immediacyoitfiect ImmediacyofkftectData 1

PotLevelotinjury GenericlnjuryLevetinto - 1+
IdéntityProfile IdéntityProfileData k|
TargetSystem string 1
Alert AlertSeverity string 1

19724




Attribute/Parameter Definitions

Units Resolution Accuracy Accuracy Condition
TA N/A perfect always
N/A N/A perfect always
pertect always
N/A N/A perfect always
N/A N/A pertect always
N/A N/A pertect aiways
pertect always
N/A N/A pertect always
gm/ml nearest integer pertect always
N/A N/A N/A N/A
N/A N/A perfect always
N/A N/A N/A N/A
N/A N/A N/A N/A
sec tenths perfect always
percentage tenths perfect afways
percentage tenths perfect always
percentage tenths perfect always
N/A N/A N/A N/A
N/A N/A N/A N/A
percentage tenths pertect always
N/A N/A perfect always
N/A N/A N/A N/A
percentage nearest integer pertect aiways
mg/m*3 tenths pertect always
NIA NIA /A N7 *
N/K 7K perfect always
N/A N/A N/A N/A
N/A N/A N/A N/A
percentage tenths perfect “always
sec tenths pertect always
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A pertect always
microns nearest integer perfect always
sec nearest integer perfect always
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A perfect always
gm/mi nearest integer perfect always
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A perfect always
‘ perfect always
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Attribute/Parameter Definitions

Update Type ~ Update Condition Transferable/Acceptable | Updateable/Reflectable
N/A N/A N/A N/A
/K K/A NI/K /A
N/K N/A R/A N/K
R7A N/A N/K WA
LI K/A (7 17
/K N/K N/& 17
WK N/K R/K N7
/K NI/A N7 K7K
NIK N/A N7A N7
NIK N/A N/A 17
/K 7 17 WK
N/K K/A 7 N/K
N/A /A 17 N/K
/K NIA R/A™ WK
V7Y K/A NI /7.
N/A N/A N/A K/A
/X K/A 17 N/A
N7A N/K N7 TRA”
K/A N/A N/K K/K
N/K N/& /A N/K
N/A N/A N/A N/K
N/K N/A 77 WK
KA 77y N7 R/K
N/A N/K /K 1/ .
/K N/K 17 N/K
17 NI/A N/K N7
KA K/A /K R7K
/A 7Y N/A N/A
N7 N/A N/A N7
N/A K/A N/A N/K
N/K N/A /72 /K
NI/A N/A N/A N/A
N/K N/A /A 7Y
/K /A N/ N7K
/K N/A 17 N/A
1/ K/A N/A N7K
N/A N/A WA NIK
N7 N/A N/A K7K
N/K NIA RJR™ /K
7Y NI R/A™ /9
N/K KIA WA N/K
KA KA " K/A K/
N/K 17y N/K N/K -
N/K N/K NI N/K
117 N/K L7 N/K
NIA N/K NJA™ NIK
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Attribute/Parameter Definitions

Object/Interaction Attribute/Parameter Datatype Cardinality
AlertText string ]
AlertlD string 1
ServiceLogArguments  iHandle1 string 1
Handle2 string 1
HandledSet string 1
 ObjectiborColint string 1
TagOrlLabelOriName string 1
Time string 1
Entimeration string 1
Boolean string 1
Objectinformation ObjectiD string 1
LockedAttributes string 1
RégisteredClass string 1
RepresentedClass string 1
{PublishingClass ObjectClass string 1
InteractionClass “istring 1
SubscribingClass ObjectClass string 1
InteractionClass string 1
SetTiming FedReportPeriod string 1
TimeReportPeriod string 1
ObjéectReporiPeriod string 1
Requestobjectinformatio : ObjectlD string 1
[ModityAttributeState Objectld string 1
AftributelD string 1 .
TokenState string 1
DoResignFederationExec :ResignAction string 1
DotieleteUbject Objectib string 1
Time string v 1
Tag string 1
DoSetlookahead Lookahead string 1
BoSetTimeConstrained i State string 1
Control SetServicelLogging string 1
SetLogkile string 1
DeleteObject string 1
DequeueFirO string 1

04/29/98 11:45:10
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Attribute/Parameter Definitions

Units Resolution Accuracy Accuracy Condition
perfect always
perfect always
pertect always
perfect always
pertect always
pertect always
pertect always
pertect always
perfect always

-iperfect always
pertect always
periect always
perfect always
perfect always
perfect always
pertect always
perfect always
pertect always
perfect always
perfect always
perfect always
perfect always
pertect always

- ipertect always .
pertect always
perfect always
pertect always
perfect always
perfect always
perfect always
pertect always
perfect always
pertect always
pertect always
pertect always
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Attribute/Parameter Definitions

Update Type Update Condition Transferable/Acceptable | Updateable/Reflectable
N/A N/A N/A N/K
N/A N/A N/A N/IA
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
NIA NIK NIK N/K
N/A N/A N/A N/A
NIA N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A™ N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/K N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/IA
N/A N/A N/A N/A
N/A N/A N/A N/A
N/K N/A N/A N/A
N/ NIA N/A 79 ’
N/A N/A NIA N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
NIA N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A NIA N/A N/A
N/K N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
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Enumerated Datatype Table

Identifier

Enumerator

Representation

HumanStateData

Alive

Deaa

InjuryLevelData

critical

serfious

minor

none

unknown

ImmediacyoftttectData

Immediate

Seconds

FewMinutes

Hour

FewHolrs

SeveralHours

TwelveHours

00 ~F O OF £ OX NE = Ut B O NE = N =

- {paEy

Days

Week

Weeks

Month

Longlerm

04/29/98 11:56:57
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Complex Datatype Table

%:?;?;;’; ' ;::e Datatype |Cardinality Units [Resolution Accuracy égﬁ:;::g}:‘
LocationXY;X float 1 m integer valu periect always
Y float 1 m integer valu pertect always
AirConstitiiCOper - ifloat | percentageiinteger valu perfect always
entPercent i Argoniper i float 1 percentage:integer vall perfect always
Ozper float 1 percentage:integer valu perrect always
CO2perifloat 1 percentageiinteger valu perfect always
N2per tfloat 1 percentage;integer valu perfect always
ParticiesSiz'iSmallSize iboolean i1 N/A N/A perfect always
eGroupList; MeEditimSiziboolean i 1 7K NIA pérfect " ialways
LargeSize iboolean i1 N/A N/A pertect always
LocationL L il attlide ™ iLatlongCo' 1 N/A N/A N/A N/A
Data Longitide i LatLongCs: N7 /A [N17:Y /A
LatlongCoidegrees  :double 1 N/A N/A perfect always
ordFormat iminutes " 1daible 1 N7 N/A perfect ™ jalways
XYCoorDat X tloat 1 km hitindredths: perfect always
a Y float 1 km hundredths: pertect always
(dentityProf Bronchiocoiboolean ;1 N/A NIA perfect always
ileData  {BfonchioDitboolean i1 : perfect " Talways
Aveloilnfla“ibooléan ;T N/A N/A perfect always
ModityAirP iboolean™ i1 pertect always
ModityAmbiboolean i1 perfect always
ModifyAmb:boolean i1 perfect always
BirdHEM " {Boolean 11 TNIK N7y perfect " talways
Geénericinju Cevel any k| pertect always
ryLevelinfo ! patentialh] F InjlryLevel 1T NIK /K N7A N/A
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Component Structure Table

Class

Component

Component

arynx

Epiglotiis

CardiovascularSystem

HeartValves

Reart

HeartCham'bers

HeartValves

HeartChambers

CardiovascularDuctwork '

Heartlissue

RespiratorySystem

TRoracicCavity

RéspiratoryDictwork

LingConductingZone

LingRespiratoryZone

LGRS

LungRespiratoryZone

LingCondiictingZone

Lungiissue

LungTlissue

PleuraiCavity

RespiratoryMuscles

SiokeGasMIXIle ™

CO

€02

02
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Associations Table

Association

Class Ciass
AorticOZRecpt MemberParinerA VagusNV (Transmit info from sj
CarotOZ2Recpt MemberPartners GlogsopharyngealNVv
BAROAorticArch MemberPartnerC VagusNV ‘
BAROCarotidSinus MemberPartnerD GlessopharyngealNy
[MedulPHRecpt AssocStructureA MeédullaCardioReg
SympAbdomViscNV Servesi AbdomViscArtL
SympatheticCardiacNerve ServesZ Heart
SympBronchialNV Serves3 BronchialArt
[ SympCarotidNVv Servesd ConimonCarotidArtl
SympEsophgNV Servesd EsophagusTissue
SympEXiilliacNV Servest ExternallliacAriR
SymplntlliachV Serves? TRternaliliacArC
SympRenaliNy Serves RenalArt
SympSubclavianNV ServesY SubclavianArtL
I Serves10 AbdormParietArt
[Glossophar gervestTT Heart
IntercostalNV Servesi12 IntercostalArt
PhrenicNV Serves13 Diaphragm
VagusNV Serves14 Heart ™~
_ PhrenicVein Drainsi Diaphragm

AzygosVein Drains2 ‘{EsophagusTissue
CoronaryVeinR Drains3 HeartTissue
CoronaryVeinL Drains4 HeartTissue
ExternallliEcVeing ™ Drainsd LowerlimbTissue
'ExternallliiacVeinl Drainst LowerLimbTissue
HepaticPoralVein Brains? AbdormViscera 1issue

| TnternalllliacVeiil Drainsg InfilliacViscNParietTissue

| [ TnternalllliacVeink Brainsy TntliacViseNParietTissie ™ 1

| JugularVeinsL Drains10 f HeadNeckSpineTissue
JugularVeinsk DrainsTy HeadNeckSpineTissue
SubclavianVeinL Drains12 UpperLimplissue
SubclavianvVeink bDrainsia UpperLimblissue
InferiorVenaCava Transports1 HepaticPortalVein
SuperiorVenaCava Transports2 AzygosVein

‘ LungRespiratoryZone Puimonaryio PulmonaryArteryL 2

| LungRespiratoryZone PulmonaryRt/ PulmonaryArteryR 2

‘ AlriaRight PulmonaryRt1 InferiorVenaCava

| TnferiorVenaCava FormedBy1 Internaniliacveinl

| BrachiocephalicVeinL FormedByZ SubclavianVeinL

} BrachiocephalicVeinR FormeabBy3 SubciavianVeink

} VentricleRight PulmonaryRt2 AtriaRight

| Pulmonary Trunk ‘i PuimonaryRt3 VentricleRight

% PulmonaryArteryl. 2 PuimonaryRt4 PulmonaryTrunk

| PuimonaryArteryR 2 PulmonaryRto Pulmonary Trunk

| FulmonaryVeinsL 2 PulmonaryRtd LungConductingZone
PulmonaryVeinsR 2 PulmonaryRt9 LungRespiratoryZone
Atrialeft FulmonaryRi10 “iPulmonaryVeinsL 2

™

"
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Associations Table

Class Class Class
ABIGTMVISEARE KBdBmVisSceraTissiie
HeartTissue CoronaryArteryL CoronaryArteryR
LungTissue ;
CommonCarotidArtR HeadNeckSpineTissue
EsophagealArt
ExtérnallliacArL CowerlimbTissue
TatérnallliacArtR TntliiacViseNPariet 1issie
Kidneylissue
SubclavianArtR UpperLimbTissue
Abdominal AbdomParietArtR
Internaintercostals Externallntercostals
SuperiorPhrenicArt
Internaintercostals Externallntercostals Lunngss‘ue

’
PhrenicVein RenalVein
BrachiocephalicVeinR BrachiocephalicVeinL
SuperlorVenéCava CoronaryVeinR CoronaryVeinR
TnternalllliacVeink ExternallliacVeink ExternalflliacVeinl
JugularVeinsL -
JugularVeinsk
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Associatfons Table
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Associations Table

Class Association Class
Alrialeft PulmonaryRt11 PulmonaryVeinsL 2
VentricleLeit PulmonaryRti12 AtriaLeft
Aorta PulmonaryRt13 VentricleLeft
Pulmonary Trunk PulmonarySC1 CoronaryVeinkR
PulmonaryArteryl 2 PulmonarysSC2 Pulmonary Trunk
PulmonaryArteryR 2 PulmonarysSC3 Pulmonary I runk
LiingRéspiratoryZone PilmonarySC4 PulmonaryArteryL 2
LungRespiratoryZone PulmonarysCSs PulmonaryArteryR 2
PulmonaryVeinsL 2 PUlmonarySCe LungRespiratoryZone
PulmonaryArteryR 2 PulmonarysC/ LungRespiratoryZone
Aorta PulmonarysCa PulmonaryVeinsL 2
Aorta PuimonarySC9 PulmonaryArteryR 2
AortiCArch SystCircDel1 Aorta
DescendingAorta SystCircDei2 Aorta
AscendingAorta SystCircDel3 Aorta
CoronaryArteryL SystCircDel4 AscendingAorta
CoronaryArteryR SystCircels AscendingAorta
BrachiocephalicArt SystCircbels AdrticArch
CommonCarotidArtL SystCircDel? AorticArch
SubclavianArtL SystCircDels AorticArch
CommonCarotidArtR SystCircDel9 BrachiocephalicArt
SubclavianArtR SystCircDel10 BrachiocephalicArt
AbdomParietArtl SystCirchelT1 DescendingAorta
AbdomParietArtk SystCirchel12 DescendingAorta
AbdomViscArtL SystCirchel13 DescendingAorta
AbdomViscArtR SystCircDel14 DescendingAorta
BronchialArt SystCircDel15 DescendingAorta
EsophagealArt SystCircDel16 DescendingAorta
TiiiacArtl SystCircDelT7 “{DescendingAorta
TacArR SystCirchel18 DescendingAorta
IntercostalArt SysiCircDel19 DescendingAorta
RenalArt SystCircDel20 DescendingAorta
SuperiorPhrenicArt SystCircDel21 DescendingAorta
TrternaliiacArC SystCircDel22 fiiiacAriL
(ExternallliacArC SystCircDel23 MiacArRL
(ExternallliacArtR SystCircel24 THECAHR
TntérnaliliacArtR SystCircDel25 TMacArR
AbdomVisceraTissue Supplied1 AbdomViscArtL
AbdomVisceraTlissue Supplied2 AbdomViscArtR
Diaphragm Supplied3 SuperiorPhrenicArt
EsophagusTissue Supplied4 EsophagealArt
HeéadNeckSpine Tissiie Suppliedd CommonCarotidArtL
HeadNeckSpineTissue Supplied6 CommonCarotidATR
HeartTissue Supplied? CoronaryArteryL
|HearTissIE Supplied8 CoronaryArteryR
TrtiliacViscNParietTissue Suppliedd InternalliacArR
_ |IntiiacViseNParietTissue Supplied10 InternalliiacArC
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Associations Table

Class

Class

Class

CoronaryVein.

inferiorvVenaCava

Supenof'VenaCava
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Associations Table

Class Association Class
Kidney Tissue Suppliedi1 RenaiArt
LowerlimbTissue Stipplied12 ExternalllliacArtl
LowerLimbTissue Supplied T3 ExtérnallliacAriR
LungTissue Supplied14 BronchialArt
UpperLimbTissue Supplied1s SubclavianArtR
UpperLimblissue Suppliedto SubclavianArtL
ExpiratoryCenter Reciprocal InspiratoryCenter
Prisumotaxic/IntegrationCenter MonitorsNintegrates MedullaVasomotorReg
Prigtimotaxic/integrationCenter; Reset ' ExpiratoryCenter
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Associations Table

Class

Class

Class

MediilaCardicReg

TnspiratoryCenter
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Object Class Definitions

" Term

Def‘ nition

MedullaRegulatoryCenter

The Tunctional view of the medulla as a regulator of important body TUncions INVOIVIng

OrganicDuctwork organic conduits in the body
Nervousbuctwork nervous system fiber (nerves)
RespiratoryDuctwork conduitsin the respiratory system

CardiovascularDuctwork

Sonduits in the cardiovascular system

Organs Body parts that are usually classed as organs
Heart The pump of the body. It has components.
Lungs major organ of respiration '
OrganicRCPTRS organic type sensors in the body
ChemoReceptor sensor to sense pHor pOZ2'or pCOZlevels in the blood or cerebrospinal fluia
BaroReceptor sensor to sense pressure changes in arteries
IrritantSensor Senses physical irrritant, such as ash particle.
TissueGroups body tisstie arranged by groups and defined according to what artery feeds the tissue
Cavities Body part involving a spatial Tegion which 1§ connected 1o anothier by an opening
Chambers body part region involving open or semi-open space which may be filled
Valves body part mimicing a mechanical vaive
Epiglottis Unpaired cartilege ¥ a part of the'Tarynx, that flaps open or closed
LumpedZones Sactions of the body that are partitioned Tor calculations involving some subsytem suc
Human overal entity associated with the body SOM
ArteryinBody conduit which carries blood away from the heart ’
Aorta primary artery of the body from which all other arteries descend, the aorta is 2.8 cm in
VeininBody conduiit which carries blood to the heart
Pharynx Body part- common opening of the respiratory and digestive tracts
Larynx Body part-hinie joined carfilége rings that form part of the Upper réspiratory system
Trachea body part- the windpipe—a tubular part of the upper respiratory system-—follows the Iar
Bronchia tubtilar branching passageway part of the respiratory system
SympAbdomViscNV Sympathetic nerve going to the abdominal viscera artery — involved in vasomotor com
SymptsophgNV Sympathetic nerve going to the esophageal artery — involved in vasomotor commands]
SympCarotidNV Sympathetic nérve going to the carolid arteries “involved in Vasomotor commands
SympSubclavianNV Sympathetic nerve going to the subclavian artery; involved in vaomotor commands.
SymplntilliacNV Sympathielic nerveé going 16 the Tnternal Miac artéries— involved in vasomotor comman
[ SympEXtIliacNV Sympathetic nierve which goes o the external illiac arteries; involved in vasomotor co
SympRenalNV Sympathetic nerve going 1o the kidney artery; involved in vasomotor commands to art
SympBronchialNV Sympathetic nerve which goes to the Lung Tissue Bed artery; involved in vasomotor
SympatheticCardiacNerve  inerve running to the heart - sympathetic stimulation nerve.
AbdominaiNV nerve ennervating the abdominal muscle/ tissue group. important for respiration.

. TntercostaiNv Neérve going to the intercostal muscle—important in respiration.
GlossopharyngealRVv nerve running to the heart
PhrenicNV Herve TURning to the diaphragm—important in respiration.
VagusNV nerve running to the heart
SpinalColumn nerves associated with the spinal colurin; like telephions cables
NasalCavity cavity between the nostrils of the nose and the pharynx
ThoracicCavity Cavity area of thorax in the physical human body. Lungs situated in thls cawty this ca
PleuralCavity potential’'space between the parietal and visceral layers of the pleura -
UpperLimbTissue Tissue group served by subclavian arteries, left and right.
HeadNeckSpineTissue Tissue group served by common carotid arteries, left and right.
LowerLimbTissue Tissii€ group served by external iliac arteries, Teft and right.
04/29/98 12:13:27 1/4




Object Class Definitions

P

Term _ Definition
ThtlliacViscNParietTissue : lissue group served by the internal illiac arteries, right and lefi.
AbdomVisceralissue Tisste group served by AbdomViscArt Teft and right, the abdominal viscera arteries, le
KidnéyTissue Tissue group served by the renal artery.
HeartTissiie Musdletissie group thatis the heart, served by the coronary arteries left and right.
EsophagusTissue fissue group served by the esophegeal artery.
Lungtissue Tissue group served by the bronchial artery.
KRespiratoryMuscles muscles used in inhaling and exhaling
Abdominal Tisstie (muscle) served by the Abdominal Parietal Arteries, left and fight. " ThIS T8 8" m
Externallntercostals Muscles involved in inspiration;elévates the ribs. Served by the intercostal artery .
Internalntercostals Musdlg tisstie group also served by the Intercostal Art, the intercostal artery. This'i
Diaphragm Muscle tisstie served by the superior Phrenic artery.” Thisis a muscle of respiration.
CO25ensor Chémo sensor to sense COZ levels in the blood or cerebrospinal fiuid.
PHSensor Sensor class fo determine pH of blood or of cerabrospinal fluid.
O25ensor Géneral class of sensor to detérmine partial pressure of O2.
(ExternalliacArtR This artery serves the right lower Timb.
EXternalliliacArtc This artery serves the Teft Tower Timb.
InternallliacAriR This artery serves the right pelvis rand right lower back
InternalllliacAril This artéry serves the Teft pelvis and lett lower back region
TMiacArtR this is the common illiac artery right which is formed by the spiit of the descending aort
TiFacArLC this 18 the Tew common MiAS Brtery: it is 3 continuation of the descending aorta at the a
AbdomParietArtL serves the “back muscles and thie abdominal walls on the Tef
AbdomParietArtR stipplies thie abdominal wall'and the back region on the right
AbdomViscArtL serves the left abdominal viscera tissues; except for the kldneys
AbdomViscArtR artery serves abdominal viscera; right side; except for the kidneys
RenalArt Serves the kidney tissue group. . ’
EsophagealArt Serves the esophagus tissue group, carries oxygen.
IntercostalArt serves the intércostal muscle tissue, carries oxygen.
BronchialArt Seves the lung tissue group, carries oxygen.
SuperiorPhrenicArt serves the diaphragm muscle tissue group, carries oxygen
SubclavianArtL This artery is the third branch off of the aortic arch. It transports blood to the upper lim
CommonCarotidArtL This artery branches off of the aortic arch. Tt ransports blood 1o the leit side of the hea
SubclavianArtR TRis branches off of the brachiocephalic artery and transpots blood to the upper limb (
CommonCarotidArtR ‘This artery branches from the brachiocephalic artery, and transports blood to the right
BrachiocephalicArt tirst veégsel{artery) to branch from the aortic arch; if branches to form the right common
CoronaryArteryR theright branch of the ascending aorta
CoronaryArteryL the Teft branch of the ascendlng aorta Serves the héart tlssue Ieft side
PulmonaryArteryK
PulmonaryArteryl artery which bifurcates off of the pulmonary trunkin the left dlrectlon and carries blood
Buimonary Trunk short arterial vessel (5 cm long) which'comes off of the right ventricle of the heart; an
LungConductingZone Bulk tlow part of airways; no gas exchange
LungRespiratoryZone Conceptual part of the respiratory system; a natural partition into whlch falls the attribu
DescendingAorta the descending branch off of the aorta
AscendingAorta the ascending branch oif of the aorta
AorticArch the Branching of the aorta posteriorly and to the left which torms an arch shape
TntérnalllliacveinR Diains the TntiiacViscNPariet Tissue right Side, and joins with the external illiac vein i
Trternaliliacveinl Brains the TntiiacViscNParietTissie Tef side, and joms with the extérnal fiiac vein to

ExternallliacVeink

Drains the Tower Timb tissiie grolp right side, and unites with the internal lfiac to ultima
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Object Class Definitions

Term Definition
~ [ExternalllliacVeinL Drains the lower limb tissué group ~Ieft side.

SuperiorVenaCava Transport Veéin. Major conduit retiirning blood from thé azygos ', the right and lett brac
InteriorVenaCava Transport Vein. Vein conduit into heart which is formed by the illiac'véins, and returns
RenalVein drains the Kidnéy tisste group. Empfies into the inferior vena cava transport vein.
PhrenicVein Drains the didohragm muscle tissue group; empties into the inferior vena cava, a transj
HepaticPortalVein Urains the AbdomViscéraTissie group, empties info theinferior vena cava, a transpor
AzygosVein Drains the Esophagus Tisstie group, the Tntercostal Tissue groups, the lung tissue, a

BrachiccephalicVeinR

Transport véin — returns blood 1o the superior vena cava from the right side.

BrachiccephalicVeinl

transport vein — 16 The sliperior vena cava (from [eff)

SibclavianVeink Drains the Upper Limb Tissue (nght side) andjoins with the right jugular vein to torm
SiibelavianVeinl Vein draining Upper imb tisstie (8H) ™ it joins with thé jugular vein (LY 6 formi Teft brachj
JugularVeinsRk drains HeadNeckSpine tissie group (right'side) . Joins with the subclavian vein (right
JugularVeinsL Drains HeadNeckSpine tisstie group (left side).  Joins with the subclavian vein to for

PilmonaryVeinsk

fight pltimonary veins (2) carrying blood Trom the Ting o the right atrium of the heart ;

PulmonaryVemsL

left plilirionary veins (2 carrying blood from the Tungs to the Teft atrium

CoronaryVeinR transport blood from heart tissue (right side) to the right atrium
Coronaryveink transports blood from heart tissue™ (et side) to the right atrium of the heart
BAROAorticArch The pressure sensor for the aortic arch.
BAROCarotidSinus The pressure sensor for the carotid sinous body.
MedulPHRecpt pH $ensor in the medulla: senses thepH of cérebrospinal fluid.
CarotOZRecpt The 02 sensor in the carotid body.

[AGHiIcOZRECHE THe 02 8énsor in the dora
HeartValves Valves found'in the physical human heart.

AorticSemiLunarValve

valve in physical hiiman Réart between the Teft ventricte and the aorta; opens to let flo

PulrdnarySemiLtinarVane

valve in the physical himan iéart bewéen the right véntricle and the pulmonary trunk

MitralValve

Valvéin the physical hitman heart between the Teft atrium and the left ventricle. Blooa

TricuspidValve Valve in the physical hiiman heart between also between the right ventricle and the puj.
HeartChambers Chamber = like areas in the fieart

VeéntricleLeft Chamber in the physical human heart.

VentricleRight Chamber in the physical human heart.

AtriaLeft Chamber in the physical human heart

AtriaRight Chamber in the physical human heart

MediiavasomotorReg

The medullas vasomotor regulatory center.

MedullaCardioReg

The medulla’s cardio regulatory center

MedullaRespirReg

The medulla s réspiratory regulatory system.

InspiratoryCenter A'type of respiratory center in the medulla
ExpiratoryCenter A'type of respiratory center in the medulla

 [BRsimotaxic/tagrationCe T A type of réspiratory centér in the medulla; it modifies the Tength of the cycle time (bre
MedulCO2Recpt The CO2 sensor in the medulla receive compute send region
CardiovascularSystem ‘The physiological system in the human body pertaining to blood tlow through the heart:
Reéspiratory System Physiological system pértaining to breathing and oxygenation; an abstract class comp
Aveolarlrritantsensor “iBiological sénsor (cells)in the Lung REspiratory Zone which sense the presense of irr

BronchiolelrritantSensor

Biological sensors (Cells) in the ReémainingBronchiaNetwork which sense the presenc

LarynxirritantSensor

Biclogical sensors (cellsy in the Tarynx which sense the presense of irritants such as a

TrachealrritantSensor

Bislogical sensor (célls™y in the trachiea Which sense the presence of imitanis such as

BodyEnrvironMatrix THe environmental matrix surrounding the body
airMixtire ‘The énvironmental air surrounding the body; used in more non-local and potentially ch
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Object Class Definitions

Definition

Term . )
smokeGasMixiure The mixiure of gases which are to be inhaled by the human and which form the gases
oealsaricleClisterCioud ™ TA " small cloud of particles nearby the body; involved in interactions; used in local repref
A‘small"chemical vapor clotd that 1§ nearby the body, and is used in interactions; local

focalChemicalVaporCloud

gas

Une'of the states of matter: reters 1o stimuli in this state; stimuli serves to evoke body

volatileChemicalVaporClo

Vapors of volatile chemicals which affect the respiratory systém. Used for more globa

02

oxygen in the stimulus

CO2 carbon dioxide - in the stimuli

CO Carbon Monoxide in the stimulus :
particleClusterCloud Small particles Tolind in smoke Which serve as irritants to the human respiratory syste
MedicalDrugs Dirtig stimuli which aré given in a medical context

IMedulReécvsendComp

The overall medulla

Methacholine

K medicaldrug which causes dilation of the bronchial passages

Albuterol A'dilig which causes constriction of the bronchial tubes
Manager Manager class for the management object model.
Federate Manager subclass for federates specific information.
Federation Manager subclass for federation specitic information.
'
4/4
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Object Interaction Definitions

Term Definition
StariExpiratory Message to start the exprratory sequence
Ceaselnhaie Wheén the epiglottis closes, the inhalation ceases.
InflationMaximum The llings are at their maximum intlation
ChangeCycleTime WModity thé breathing period for the recipient center
Openkpiglottis Message to open the epiglotiis;used in respiration
CloseEpiglottis Meéssage to close the epiglottis; used in the cough sequence.
ConstrictBronchioles THe effective diametsr of Ihe Bronchia 18 being reduced due to the presence of an imit
IrritantSensed interaction superclass whose subclasses are $pécific interactions communicating that
IrrSensorActivated Oné of the Trritant sénsors has been activated by particulate matter hitting it
ChangeAreryDiameterCominteraction to change the diameter of an artery. this affects the tiow rate
TissDistressirans Transmitting of the tisste distrésssignal from the sympathetic nerve to the vasomotor
TissueDistress This hteraction involves the tisstie groups needs Tor oxygen and waste (COZ) eliminat

DecreaseHeartStrokeVolumy

Corimand to'decrease the heart stroke volume; from parasympathetic mervous syste

IncreaseHeartStrokeVoium

command 10 change the stroke volume ot the heart—- from sympathetic cardiac erve

HStrokeVolumeDecrirans

fransmission from the cardio reg center in the medulla to the parasympathefic nerve g

HStrokeVolumelncrirans

fmessage from medulla 16 sympathetic cardiace nerve to relay message to heart chan

HeartRateCommand message from nerves to heart to change the heart rate

HeartRateTrans message from medulld o spectic nerves to relay message to heart to change the hear
ChemPHParasymTrans Message transmitted from the meduita 16 the parasym nerves going to the hieart; due t
ChemPHSympTrans Transmission of data from the medulla as a result of pH too Tow (COZ too high) from s
RelaxTransA friessage from mspiratory center to speciiic nerves involved in inspiration to relay a re
RelaxTransB Yransmitted message from expiratory centér o nervesinvolved in expiration 1o relax
ContractTransA fessage from inspiratory center to Specific nerves mvolved in inspiration 1o tell them ¢
ConfractiransB Meéssage from expiratory center to nerves involved in expiration to contract.

Relax a'm,essage 10 relax the musclés—increase the length N
contract a message to contract the muscles—lessen the length

ContractDiaphragm message to contract the diaphragm muscles —used in breathing

Contractinternalintercostals

message to contra;:t the Thternal intercostal muscies used in breathing—the expiratory

[ContractExternallitercostal

Contract the external intercostals—musclés used for the inspiratory part of breathing

ConfractAbdominals

message 1o abdominal muscles 16 contract — these muscles used in breathing

RelaxAbdominals

3 message to relax the abddminal muscles — used in breathing

RelaxInternalintercostals

a message 1o relax the intercostal muscles —used in breathing

RelaxExternallntercostals

Relax the external intercostal miuscles < ised in inspiration {breathing in)

RelaxDiaphragm a message 1o relax the diaphragm muscles — used in breathing
ParasymHeantRatelncréass: Transmission of message from cardio reg center 10 vagus nerve saying increase the h
IncreaseHeartRate “Téommand to increase the beats per minute of the heart i
DecreaseHeartRate command to heart to decrease the beats per minute

ParasymincreaseRate Transmit message for an increase in heart rate thru the parasympathetic system, to et
IncreaseRate instriction Tor nerve to relay toincrease the beats per minute of the heart
DecreaseRate insfriiciton for nerve to relay to decrease the beats per minute

DilateArtery Decrease artery diameter -- vasomotor response

ConstrictArtery Artery diameter is decreasing—-vasomotor response.

ReturnioNormalpO2 THe pO2 18 high relative 16 its Torerly 166 Tow vallie as measured by the aortlc pOZ sen
LowpO2 partial pressure of 02 'is Tow as measured by U2 sensors in either the aortic body sen
IncreaseBP Message that an increase in blood pressure Is occurring.

DecreaseBP Message that a decrease in blood pressure Is occurring.

AveolarlrritantSensed Presense of an irmtant s communicated
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Object Interaction Definitions

Term

Definition

BronchiolelrritantSensed

presence of an irfitant is communicated

LarynxirritantSensed

preseénce of an irritant is communicated

‘TrachealrritantSensed presence of an irritant is communicatea

TissDistressh Ling tissue distress due to Tow oxygen or high COZ

TissDistressg Esophegeal tissue distress due to fow oxygen or high CO2

TissDistresst Kidney tisstie group distress due o Tow oxygen or high CO2

TissDisfresse Abdominal viscera tisstie group distress diie to Tow oxygen or high carbon dioxide
TissDistressd Yigstie group incliding visc and parietal served by the internal iiiac artery distress due
TissDistressc Low 02 or high COZ2 distress in lower mb tissue '

TissDistressb Tissiie distress ¢all ot éncugh dxygen or too much carbon dioxide - -in the head,ne
TissDistressa The oxygen in the lipper Timb tisstie grotip is 100 Tow, or the carbon dioxide is 100 high
TracActlS "the irritant Sensor in the trachea is activated by the presence of particulates
LaryActlS The Trritant $énsor in the TarynX is activated by the presence of particulates

BronActlS THhé bronchia irrtant sensor is activated by the présence of particulates.

AvelActlS ‘The aveolar irritant sensor has been acfivited by particulates hitiing it

AdminAlbut Administer the medical drug alouterol

SmokeStreamStim Ksifioke stream that is blown right onto thie body; the stimuli exists right near the body
VaporCioudStim Atoxic vapor cloud is the stimuli; exists right near the body

MonoxideStim “The stimuli of carbon monoxide in gaseous form is immanent

ParticleCloudStim Ti'the particle clotd stimuli, ash particles are the stimuli

AdminMetha Administer the medical drug methacholine. :
Manager The Manager interaction group contains all Management Object Model interactio:
Federate THe Manager::Federate interaction group contains all MOM interactions associa
Alert The Manager: Federater-Alert interaction allows the RTT 1o inform | thetederation:
SérviceLog The Manager-Federate:ServiceLog interaction allows detailed tracing of RTlam!
ServiceLogATguments ™ | The Manager:Féderate s ServiceLog: - ServiceLogArguments interaction allows

Objectinformation

The Manager::Féderate::Objectinformation interaction is sent by the RTlin resp

PublishingClass

The Manager::Federate::PublishingClass interaction is sent by the R1lin respon

SubscribingClass

The Manager: Federateé:SubscribeClass interaction is sent by the R11in respon

Action

The Manager::Federate::Action interaction is Used to preform an action onare

RequestPublicationliree

The Manager::Federate::RequestPiiblicationTree is used to request that the RTI

ReéquestSubscriptiontree

The Manager::Federate:RequestSubscriptionTree interaction is used to reques

SetTiming

The Manager: Federate=SetTining interaction allows modification of a federate”

RequestObjectinformatio

NModityAttribtiteState™

The Manager:Federate::Action::RequestObjectinformation interaction causes t

[RémoteSeérvicelnvocation

The Manager::Federate:"Action: RemoteServicelnvocation interaction group co

PoResignFederationExec

The Manager::Federate::Action: RemoteServicélivocation: :DoResighFederation

DoDeleteObject

The Manager::Federate: Action::RemoteServicelnvocation: :DoDéleté interactio !

BoSetlookahead

The Manager:Federates:Action::RemoteServicelihocation::DoSetlookakiead in

The Manager::Federate::Action::RemoteServicélivocation: :DoSetlookahead in

DoTurnReguiationOn

The Manager:Federater:Action: :RemoteServicelnvocation: :DoTurRegulationO

DoturnRegulationOft

The Manager::Fedérate::Action::RemoteServicelnvocation::DoTurnkegulationO

Control

The Manager:-Féderate:"Action::Control interaction is used to set service loggin
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Class/Interaction Term Definition
NervousDuctwork i TransmissionFactor ; Number between zero and one, inclusive, which degrades information b
Heart HeariRate beats per minute
StrokeVolume voltime of biood plimped out of one ventricle of the heart in a single bea
CardiacOutput volume ‘of biood pumper by the heart per minute
Péripheralkesistanc itotal peripheral resistance from artery to capillaries
Forse0ftontraction iforce with which the heart ventricle contracts in the pumping cycle
BloodPressure pressure of the blood in the blood vessels
Lungs LungVolume internal volume of the physical Tungs (balloon like part)
TrterRallGRGPTessUr 1 aiF préssiire inside the Ttngs; calléd intrapulmonary pressure also.
OveraliAirwayResist iresistance to airflow in the respiratory system
TidalVolume volumeé of air inhaled or exhaled during a regular breath
DeadAirSpace vollime of respiratory system in which gas exchange does not take plac
RespiratoryRate breaths per minute :
LungCompliance Volume ¢change per unit change of pressure
TspiratoryCapacity i Thé tidal volume pits the inspiratory reserve volume, about S"GUU"FﬁT """""
VitalCapacity ‘Thé stim of theé tidal volume, inspiratory reserve, and expiratory reserve
TotalllngCapacity i THe surmi of tfie inspiratory reserve, expiratory reserve, tidal volume, an
TRSpiratoryReserveV: THe Vollime of aif remaining atter expiration of normal tidal’ volume; abo
ExpiratoryeserveV | THe Vollinié of air remaining afer forced expiration of normal tidal volum
ResidualVolume Volumé of air remaining after most forceful expiration, about 1200 ml.
IrritantSensor Location Anatomical focation of the irritant sensot
Status ‘The status'is "ON" or "OFF"
TissueGroups MetabolicRate basal metabolism rate, consumption of O2 needed to malntaln activiies
pCOZWaste partial pressure of carbon dioxide In tissue groups
pO2Demand the"partial preéssire of oxygen needed for activity
PeripheralResistanc iresistance 16 the low of biood thri the tisste group; affects the blood pr
UrExractionCoetici: the coetficient of diffision Tor oxygen across the membranes into the tis
PercentCardiacOutp  Thé percentage of the total cardiac output that is being used by the tiss
pO2ofTissueGrp ‘The actual partial pressure of oxygen of the issue group
Epiglottis status OPEN6F CLOSED are the two states that the epoglottis can be in
Human HeémoglobinBinding Pércentage of hemoglobin sites that can be bound with 02 CO will st
Age how old the human body Is
Weight the' weightina 1 g tield
Temperature ‘Temperature of the human
' HumanState State o the Rliman: only bsic states represented; alive or dead via an e
Shintractor Percentage of blood that is never oxygenated ‘
ArteryinBody pOZin partial pressure of oxygen into artery
FlowRate rate of flow ‘
i Diameter diameter of artery
pCOZin partial pressure of carbon dioxide in the artery
Aorta ‘ pOZIn “tpartial pressure of oxygen into aorta )
pCOZIn partial pressure of carbon dioxide into the aorta .-
FlowRate flow rate of blood thru aorta
Diameter diameter ot aorta
VeininBody FlowRate fiowrate of blood 1n vein
Diameter diameter of vein )
Tpo20t partial pressire of oxygen in the vein — carfied out and away from the o
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Class/Interaction Term Definition
pCOZ0ut partial pressure of carbon dioxide in the vein - blood being carried out g
Pharynx Diameter Effective Diameter of the pharynx, assuming a more or less circular cro
Larynx Diameter Thé etfective diameter of the Tarynx (more or [ess circular cross section
‘Trachea Diameter The effective diameter of the windpipe with a circular cross sectional sh
Bronchia Diameter Effective diameter (organic conduit shape approximated by a circle) or t
SpinalColumn CeérebrospinalFluidP i pH of the spinal fluild
NasalCavity NasalCavityVolime: Volume of the nasal cavity
FlowRate Rate ot air fiow in the nasal cavity .
ThoracicCavity ‘ThoracicCavityVoll 1 Volifme of the thoracic cavity; it changes with réspiration, and must be
[PIetralCavity "iPléuraICavityVolume: physical volume of the pleural cavity
Abdominal ContractionLevel percentage of maximum contraction
Externallntercostals i ContractionLevel Percentage of contraction
Internalntercostals — {ContractionLevel percentage of maximum contraction
Diaphragm ContractionLevel Percentage of maximum contraction
LingConductingzon i AirwayResistance  jresistance to the Tlow of air through the airway passages which decreas
LingRespiratoryZonipO<staleBlood partial pressure of O2'in the "used” blood which'is flowing in capillaries
e pCOZstaleBlood partial pressiire of carbon dioxide in the used blood before it lows near
pO2lnspiredAir partial pressure of oxygen in the air thatis breathed in.
pCOZinspiredAir partial pressure of carbon dioxide in the air that 1§ breathed in
CO20iffCoeft ditfision coeticient of carbon dioxide through the capillary walll™™ |
O20iftCoetf Diffision coefficient of 02 across the capillary wall.
pO20ut partial pressire of oxygen leaving he Tung respiratory zone
-ipCO20ut partial pressiire of carbon dioxide Teaving the Tung respiratory zone
DMinverse Biffision resistance of the avelolcapillary membrane.
Membrane SURECEAT Efféctive stirface area of thé respiratory n'féﬁ"\Br"éﬁ'éi“é'"a"Efb"éé"WﬁTéﬁ'fﬁ“é;é‘
MembraneThickness; Thicknes: he respiratory membrane
 KveolarventilationRea Godd e "6F St Hiow volume per minute; 1s the Téspiratory rate time
BAROAorticArch Location Physical location ot sensor
Status "ON"or "OFF"
BPChange Change'in blood pressure
UirectionBPChange i "INCREASE" or "DECREASE”
BAROCarotidSinus  iLocation “iPhysicallocation 6f SEnsor
’ Status "ON"or "OFF"
BPChange Change in the blood pressure - the deita.
DirectionBPChange "INCREASE" or "DECREASE”
W MR EES [Geation Physical 168ation of Sensor
. ipHCerebroSpinalFiui The pH of the cerebrospinal fluid.
Status "ON"or "OFF"
CarotOZRecpt Location Physical location of sensor
pO2 ‘The partial pressure of O2.
y Status "ON"or "OFF"
AortncOZRgacpt' Location Physical [6&5tion Of Sensor.
pO2 ‘The partial pressure of oxygen.
Status "ON"or "OFF"
HeartValves Position OPEN or CLOSED . ) ] |
HeartChambers HeartCRambarvolt I Volime of the heart chamber .
EfficiencyofContracti; How efficient the contractions are
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pOZ2In “tPartial pressure of oxygen in the blooa n
pO20ut Partial préssiire of oxygen in the blood leaving the chamber (should be
pCO2In partial pressire of COZ of blood coming into the chamber
pCO20ut Partial pressure of COZ in biood Teaving the chamber (Shouldbethesa
MedullaVasomotorRistatus the state of the regulatory center
eg activityState Qualitative Tevel of activity in the state
BENMonitorTissues i The vasomotor center serves fo track the tissue blood pressures; gives
MedullaCardioReg istatus The state of the regulatory center
activityState Qualitative Tevel of activity in the state
BPHearSysMonitar i Serves 1o keep track of the blood pressure in the core as opposed to th
MedullaKespirReg  istatus The state of the regulatory center
activityState Qualtative Tevel of activity in the state :
InspiratoryCenter  ;Cyclelime TheTength of the time that the center can be actively sending out mess
ExpiratoryCenter  ;Cyclelime THe Tenght of time that The ¢énter can be actively $ending out messages]
MedulCOZRecpt Location Physical location of the sensor
Statis "ON" 6 "OFF"
pCO2 ) partial pressiire of CO2'in the Tocation of the sensor as mesured by the
BodyEnvironMatrix ;i Externaliemp ‘The temperature of the surrounding environment ‘ :
AirPressure ‘The airPressure of the surrounding environment
Altitiide ‘The 6levation abové sea Tevel of the Tocation in which the Body isTocate]
LocationData ‘The physical location of the body
 Hurmidity Vallie 1o indicate moistire content of the external air
AirComponents Pércentages of oxygen, nitrogen, and carbon dixoide in the air stirround]
BodyAffectors TSt Which afféct the body
airMixtire perOZ pércent of oxygen in the environmental air ' .
perNZ Percent of nitrogen in the environmental air
perCO2 Percent of carbon dioxide in the environmental air.
altitude The heignt above sea level.
PotLevelofinjury ‘The potential’gravity of the injury caused by the stimuly; may mvolve dirt
Immediacyofeifect i How Tong before the stimuli takes eftect
TargetSystem THe body system which is affected By the stirmuli
IdentityProfile ‘The Signatire ot the stimull with regard 1o its effects on the body
LocationXY "I The Tatittide and Tongitude of this particular air Mixture
smokeGasMixture ~ :perCOZ2 Percnetage of carbon dioxide in the gas mixture of smoke
perO2 Percentage of oxygen makmg up the gases in the smoke stream
perCO Péréentage of carbon monoxide making up the gaseés in the smoke stre
perOtherlnert peércéntage of ofler inert gases forming the gas mixture of the smoke st
IndentityProtile Stirtli Signature wit the body
TargetSystem Physiological system affected by stmuli
PotLevelotinury The potential Tevel of injury to the body — generic — can involve multiple
. ImmediacyofEffect i How fast acting is the stimuli
localParticleClusterC; SizeofParticles Only one particle $ize 1§ represented in this attribute
loud ImmediacyofEtfect  :How fast acting is the stmuli.
PotLevelotinjury Potential degree ™ of harm due fo the receipt of the stimuli by the body,
IndentityProfile List'of characteristics of the stmuli
TargetSystem ‘The physiological system upon which the stimuli has an effect.
localChemicalVapor {Concentration Strength of thie chemical vapor cloud :
TOUU
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Lioud IdentityProtile The characteristics of the stimuli
Tmmediacyofeifect i How quickly the stimuli has an eftect.
TargetSysiem "THe physiological system tpon which the stimuli has an effect
PotLevelotlnjury Potential degree of hiarm which the stimuli causes the recipient body; m
gas Immediacyoftffect ; How quickly the Sl has an effect.
Potleveloflnjury ‘The potential degree of harm which the stimuli CHUSES RS recipient bod
IdentityProtile THE characterstics of the stimdli ) \
TargetSystem Theé physiological system upon which the stimuli has an effect
volafileChemicalVap ;LocationXY Physical Tocation of the chemical vapor cloud given in Xy coordinates
orCloud Cloudbiameter Bistance across the Toughly spherical clooud
Concentration Level of chemical vapor cloud per cubic volume
Altitide Height above sea tevel of the center of the cloud
LocationLL ‘The Tocation of the toxic vapor cloud given in iatitide and longltude
Immediacyareffect i How quickly the stimuli has an effect.
PotLevelotinjury ‘THé poténtial dégree of harm which the stimuli has upon the recipient b
TargetSystem ‘The physiological system which is the target of the stimuli activity
IdentityProfile Characteristics of the st,uli
Speed ‘the magnitude of thé Velacity with which the stimili is' moving; usédin g
DlrectlonofMotlon THe Vector representation of the direction in which the stimuli is moving
(04 AmtO2 Amount of 6xygen in the stimulus; measured as'a percentage of a stan
cO2 AmtCO2 Amount of carbon dioxide in the stimulus; measured as a percentage of
CO AmtCO Ammount of carbon monoxide in the stimulus; measured as a percentage
particfeClusterCloud : LocationXY Location of the center of the particle cloud in X, coordinates
- ileéationll Location of the center of the particle cloud in fatitiide and fongittide
ParticleSizeGroups i The particle size groups found in the particle cloud
Altitiide The height above sea Tevel of the roughly spherical particle cloud
| {ldentityProfile the characteristics of the stimuli
TargetSystem Thé physiological system which is the recipient of the sti,uli's effects
PotLeveloflnjury Poténtial degree of harm that the stimuli has upon the recipient body; m
TmmediacyotEffect  iHow quickly the stimulihas an efrect
Speed The magnitude of the velocity vector of the stimuli; used in"global represj
DirectionorMotion THe Vector representation of the direction in which the stimuliis movmg,
Meéthacholine Dosage Amount
PotLevelotinury Potential Tevel of Rarm: may be mulitple fevels dependlng upon amount,
ImmediacyofEffect  ; How fast acting the stimuliis
IdentityProfile The idéntity of the stimuli vis-a-vis the recipient
Targetsystem Thérecipeint body system of the stimulus
Albuterol Dosage Amount
ImmediacyofEffect ;How fast acting the Stmulis [CH generlc information
TargetSystem Recipient body system of the stimulus
IdentityProtile The identity of the stimulus vis-a-vis the recipient body
- Potleveloflnjury Potential Tevel of harm that could be generated by a stimulus; may be m
Federate FederateHost The string representation of the hostname the federate is executin

FederateHandle

‘Ihe string representation of an integer that is the handle assigned

FederateState The string representation of the infeger corresponding to the valu
FédeérateName ‘The string representation of the name speified by the Tederate at joj
KTlversion

The string Tepresentation of the soffware version of the TRITibrary .
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TimeManagerState

The string representation of the integer correpsonding to the value;

Federatel.ookahea

The string representation of a double that'is the value of the feder

Federatelime

‘The sfring fepresentation of a dotible that is the value of the federa]

TimeConstrained

the character representation of an integer that specifies whether t

TimeRegulating

‘The eharacter represenitation of an integer that Specifies whether t

FIFOlength Thé string representation of an’integer that specifies the number o
T80length ‘I'hé string representation of an integer that specifies the number o
DequeueFIFUasyn i The string representation of the boolean value indicating whether
Totalobjecttsunt i The string representation of an integer that specifies the total nu
HoldingTokensObj i The string representation of an integer that specitied the niimber
 {DElstedobjectCoun The stiirig réprésentation of an integer that specifies the number o
NumaAttributes ‘The string répresentation of aninteger that acts as an tndicator of
NumParameters i Thestring representation of an integer that acts as an indicator of
Federation FederationName {1 he string name of the tederation.
Federationstate ™ The stiing répresentation of the “integral valiie of the RTT::Federati
FederatesinFederat; The string representation of the integral number of feaerates joine
SavelsScheduled i The string representation of the boolean value indicating whether
ScheduledSaveTim: The stiing representation of the dotible-precision floating-point nu
- : RTlversion ‘T he string representation oF the Version number of the federation e
ChangeCycleiime iDirection The direction "PLUS" or MINUS™ of the change in the cycle time
CycleChange ‘The change in seconds of the Cycle ime
ConstrictBronchioles; Amount Valie of change in effective diameter expresssed in percentage of nomij
TissDistressTrans ~ ipO2TissGrp The actual pO2 of the tissue group in disiress )
Location Origimation of the distréss signal — ie, the tissiie group
pCO2TissGrp Actual' pCOZ of the tissue group in disiress 0
) whichProb String indicating whether problem’is low O2,high COZ, or both
DecreaseHeartStrok: Amount Magnitude of decréase measured in percentage of current value
IncreaseHeartStroke; Amount magnitude of the force fo contraction expressed as a percentage of curr
HStrokeVolumeDecr: Amount Magnittde of the decrease — measured in percentage or current value
HStrokeVolumelner T Amount magnitude of force of contraction expressed as a percentage of current
ChemPHParasymIr iDecreaselnsV Percentage décrease in stroke volume of heart
ans DecreaselnHR Percentage decrease in heart rate.
ChemPHSympTrans;IncreaseinHR percentage increase in AR
IncreasenSV percentage increase in Stroke Volume of heart
RelaxTransA Amount magnitude based as a percentage of the maximum
Relax{ransB Amount Magnitude of relaxation expressed as a percentage
ContractTransA Amount Magnitude expressed as a percentage of the maximum
ContractTransB Amount Magnitude of contraction expressed as percentage
ContractDiaphragm :Amount magnitude expressed as a percentage of the maximum
Confractinternalinter; Amount magnitude expressed as a percentage of the maximum
Confractexternalinte{ Amount Percentage change
ContractAbdominals ; Amount magnitude based as a percentage of the maximum
RelaxAbdominals — ;Amount magnitide expréssed as a percentage of the maximurm
KelaxInternallnterco : Amount magnitude expressed as a percentage of maximum
RelaxExternallnterco: Amount Percentage of relaxation .
RelaxUiaphragm Amount ~imagnitude expresséd as a percentage of the maximum
ParasymHeartRatel :Amount percentage increase in present heart rate o effect a return to normai
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ncreaseHeartRate ;Amount number of beats/min to inCrease heart rate
UecreaseHeartRate :Amount niimber of beats per minute to decrease
ParasymincreaseRaiAmount Percentage increase in heart rate to effect a refurn to noremal
IncreaseRate Amount number of beats per minute o ncrease the heart rate
DecreaseRate Amount number of beats per minute to decrease the heart rate
DilateArtery Amount Pércentage decréase in artery diameter from current diameter
ConstrictArtery Amount percentage constriction relative to current diameter of the artery
ReturnToNormalpO2:ipOZvalue partial pressure of O2 value in the location of the sensor
LowpO2 pOZValue the value of the partial preéssure of O2 as measured by the appropriate
IncreaseBP Amount Magnitude of increase in blood pressure.
Location Site of report of blood pressure increase
DecreaseBF Amount Magnitide of blood pressure decrease.
Location {-ocation of the blood pressure sensor '
AveolarlrritantSense i Location Physical Toation of the aveolar imitant sensor - is in the LungRespirator
BronchiolelrritantSert Location Physical Tocation of imitant sensor — is Tn the RemainingBronciaNetwork
LarynxlrritantSensed: Location Physical Tocation of the irritant sensor
TrachealrritantSens iLocation Physical Tocation of the irritant sensor that's sensing the stimuli.
TissDistressh pOZofTissGrp Acutal pO2 of lung tissue
pCO2ofTissGrp Actual pCOZ ot tissue group
whichProblem String specifing if the fisste distress is due to low pO2 or hgh pCOZ or
TissDistressg pOZofTissGrp Actual pO2 of esophegeal tissue
: whichProblem String indicating which'is the problem, high COZ., low 02 or both
pCOZofTissGrp Actual pCOZ of the esophegeal tissue group
TissDistresst pOZotrissGrp Actual pO2 of the kidney tissue
pCO20t l1ssGrp Actual pCOZ2 of the kidney tissue »
whichProblem Stfing indicating if Tow oxygen, high carbond dioxde, or both are the pro
TissDistresse pOZofTissGrp Actual pO2 of the abdominal viscera tissue group. '
pCO20oflissGrp Actual pCOZ of abdominal viscera tissue group
whichProblem String indicating if problem‘is Tow OZ, high CO2, or both
TissDistressd pOZofTissGrp Actiaal pO2 of the tissue group that is sérved by the internal illiac artery
pCO20fTissGrp Actial pCZ of the tissue group that issérved by the internal lfiac arter
whichFroblem String indicating probfem to be fow OZ, high COZ, or both
TissDistressc pOZofTissGrp Actual pO2 of the Tower mb tissue group
pCO20f1issGrp Actual pCOZ of the lower limb tussue
whichProblem $ting indicating if problem is high CO2, low O2, or both
TissDistressb pO2Zott lésGrp The actual partial pressure of oxygen in the hiead, neck spine tissue gr
pCOZ2ofTissGrp ‘Actual pCOZ of héad,neck, and spine tissue
whichProblem Sfring indicating if problem is Tow 02, high COZ2, or both
TissDistressa pOZofTissGrp Actual pO2 of the upper limb tissue group
: whichProblem String indicating if problem is high CO2, Tow O2, or both
pCOZ20otTissGrp Actual' pCOZ of the upper limb tissue group
| TracActlS TurnOn The trachea irritant sensor is activated; it can now do its activity
Levelofirritant ‘The Tevel of the irritating particulates; high, medium, or iow .
LaryActlS TurnOn TRe iritant sensor in the larynxis activated by the presence of aprticula
Leveloflrritant ‘The Tevel of the particulate irritants; high, medium, or low
BronActlS TurnOn ‘The bronchia irritant sensor is activated
Levelotlrritant Level of the particulate irmitant; high, medium, or low
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AvelActiS TurnOn The sensor state is now aclivated.
Levelofirritant ‘THe Tevel of irritant hitting the sensor; high,medium , or jow
AdminAibut Dosage Amount
Immediacyoftifect  iHow fast acting a stimulus can be
TargetSystem ‘The recipient system in the body
PotLevelotinjury Poténtial Tevel of harm from stimulus; may be multlple levels depending
IdentityProfile “{idéntity of the stimulus vis - a-vis the recipient body
SmokeStreamStim ;i Duration Léngthof time the smoke stream is directly blowing at a body
perCOZ percentage of COZ in incoming smoke stréam
perO2 percentage of U2'in smoke mixiure
perCO percentage of CO in smoke
IdentityProfile the idéntity profile of the smoke stream vis-a-vis the human body
PotLevelofinjury Potential level of injury
perOtherlnert percentage of other inert gases in the smoke stream
TargetSystem Physiological system impacted by the smoke stream
Immeédiacyofeifect :HowIong it fakes the stimuli to have an efiect.
VaporClouaStim Duration Lengthof time the toxic vapor cloud is immanent
Concentration “The concentration of the cloud in mi/cubic cm
ImmediacyofEtiect iHow Tong 1t takes Tor the stimuli to have an effect.
TargetSystem Thé impacted physiological system
PotlLevelotinjury The potential level of harm to the body
IdentityProfile Stirmdli identification with respéect to activity on the body
MonoxideStim Amount ‘The amount of carbon monoxide that is input; measured as percentage
Diiration Lénth of time that the stimulus is applied
Timediacyofeifect :How quickly the stimulihas an etfect.
IdentityProfile “THe profile of the stimuli with respect 1o its effect on the body
Potlevelofinjury The potential level of injury fo the body
TargetSystem "The physiological system which is affected by the stimuli
ParticleCloudStim ™ SizeOtParticles Thié avérage size of the particles in the particle cluster. Cluster particies
Duration Length of time the stimuliis operating
ImmediacyofEffect  ;How quickly the stimuli'has an effect
PotLevelotinjury ‘The ptoential of harm to the boady
IdentityProfile Whio the stimliis with respect to the body
TargetSystem The phsiological system affected by teh stimuli
AdminMetha Dosage Amount
ImmediacyofEffect  iHow fast acting the stlmull 1S -—nornlnal
PotLeveloflnjury Potential Tevel of harm; may be mulflple levels; dependmg on amount, €
IdentityProfile “THé identity of the stimuli vis-a-vis the recipient body
TargetSystem ‘Thé system of the body that is the recipeint of the stimulus
Federate FromFederate The string representation of th inititating federate's handle.
Alert™ AlertSeverity The string representation ofthe integral vuale of the LogType enu
AlertText “The string répresentation of the reason ofthe alert.
. Alertlhy ‘THe string representation of the serial number for an exception.
Servicelog ServiceName The string method name of the service call generating the interacti
i Servicelnitiator Thé string representation the initiator of the service call (FED Tor Rj
ServiceLogArgumeiHandled Meaning is dependent on service invoked. parameter tis represent
nts Handle2 Meaning is dependent on service invoked. Parameter is repreéent
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HandleSet Meaning is dependent on service invoked. Parameter is represent
- ObjectiDorCotint i Meaning is dependent on service invoked. Parameter is represent
TagorLabelOrNam {Méahing is dependent on service invoked. Parameter is represent
Time ‘The string representation of the time provided to the service invok
Enumeration Meaningis dependent on service invoked. Parameter is represent
Boolean TMedning 1S dependent on service invoked. Parameter is represent
Objectinformation :ObjectlD The string répresentation of the UbjectlD that this Trteraction id re
LockedAttributes 1 The string representation of the atiributes that are owned by a fed

Kegistered(Class

TThe string representation ofthe class that was registered by the re

RepresentedClass

‘e string representation of the classthat was discovered by the

[Régiiestobjectinfor Objectit
[ModifyAtiributeStat Objectity

PublishingClass ™ iObjectClass 1'hé string fepresentation ofthe object class and attribiifes publish
. InteéractionClass ™ i The string representation of the interaction class handle. The for
SlibséribingClass ™ ;ObjectClass The string representation of the object ¢Iass and dattributes publis]
. InteractionClass i The string representation of the interaction class handle. The for
Action TolFederate THe string representation of the federate's handle that the interacti
Settiming FedReportPeriod i The string representation of the integer that is the number of seco
TimeReportPériod i The string representation of the integer that is the number of seco
UbjectReportPerio ; The string representation ofthe integer that is the number of secony

The string representation of the Objéctib that information is being

savesserscesy

THe string representation of the object whose attribute token statu’

AttributelD

‘The string representation of the attribufe Whose instance's tolekn

TokenState -

"'he strinig representation of the integral value of the RYTTokenst”

DoReésighFederatio; ResignAction

The string representation of the integral vallie of the TT::ResignAct

YobieleteObject 1 0bjectiD ‘e string representation of the object fo use as an argument to
Time ‘The sfring representation of the federation to use as an argument t
Tag “The sfring to use as an argument to the deleteObject service.

DoSetllookahead  ;Lookahead ‘The string representation of a double that is the value the federate’

BoSettimeConstrai State

‘The string representation of the an integer (Ture=0, False=1) that t

Control getServicelogging | The strifg representation of the boolean value that enables/disabl
SetlogFile ‘The string representation of set log tile.
DeleteObject ‘The string representation of delete object.
DegiieueFIFO ‘e string representation of the DéquetieFIFO.
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