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ANNEX I.  Complete Set of Instance Tables 
for Activity Model Example

Figure I-1 is an example activity model taken from Version 1 of the C4ISR Architecture Framework [CISA 1996a].  Figure I-2 is the core portion of the Activity Model Product View of CADM 2.0.  Table I-1 provides a complete a specification of the information content of 
Figure I-1 as is possible with the attributes provided in the Activity Model View of the DoD Data Model.
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Source:  C4ISR Architecture Framework, Version 1.0 (Figure E-3) and Version 2.0 (Figure 4-15a).

Figure I-1.  Example Activity Diagram in IDEF0 Format
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Figure I-2.  Core Entities for Activity Model Product View of CADM 2.0

Table I-1.  Instance Table for Example Activity Model

INFORMATION-ASSET


INFO-ASSET Identifier
INFO-ASSET Version Identifier

ORGANI-ZATION Identifier


INFO-ASSET Name


INFO-ASSET 
Type Code
INFO-ASSET Definition Text
INFO-ASSET Comment Text
INFO-ASSET Stnd Status Cd

IA2001
IAV0001
ORG0001
Generic Model
Activity Model
—
—
D

ACTIVITY-MODEL



INFO-ASSET Identifier

INFO-ASSET Version Identifier


ORGANI-ZATION Identifier


ACTIVITY MODEL Short Name

ACTIVITY MODEL
Scope Text

ACTIVITY MODEL
Tense Code

ACTIVITY MODEL
Viewpoint Text
ACTIVITY MODEL
Org Context Text

IA2001
IAV0001
ORG0001
Provide Intelligence
—
—
Commander, Intelligence
—

ORGANIZATION


ORGANIZATION Identifier
ORG-ECHELON Code
ORG-TYPE Identifier (FK)
ORG 
Description Text

ORG Operational Element Indicator Code

ORG Category Code

ORG0001
—
JTF J2
—
Operational Element
HQ

PROCESS-ACTIVITY

PROCESS-ACTIVITY Identifier
PROCESS-ACTIVITY Version Id.

PROCESS-ACTIVITY Name
PROCESS-ACTIVITY 
Definition Text
PROCESS-ACTIVITY Scope Text
PROCESS-ACTIVITY Cat. Code

PA0001
PAV0001
Direct Request Satisfaction
—
—
C4ISR Activity

PA0002
PAV0001
Collect Data
—
—
C4ISR Activity

PA0003
PAV0001
Process Data
—
—
C4ISR Activity

PA0004
PAV0001
Produce Response
—
—
C4ISR Activity

PA0005
PAV0001
Disseminate Intelligence
—
—
C4ISR Activity

PA0011
PAV0001
Provide Intelligence to Military Operations
—
—
C4ISR Activity

ACTIVITY-MODEL-PROCESS-ACTIVITY

Activity Model 
INFO-ASSET Group Identifier
PROCESS-ACTIVITY Group Identifier
ACTIVITY-MODEL-

ACTIVITY
ACTIVITY MODEL-
ACTIVITY MODEL



INFO-ASSET Id.

INFO-ASSET Version Id.


ORGANI-ZATION Identifier


PROC.-ACTIVITY Identifier

PROC.-ACTIVITY Version Identifier
PROC.-ACTIVITY
Source Detail Ref. Identifier
MODEL-
PROC.-ACTIVITY
Category Code
PROC.-ACTIVITY
Com- position Code
PROC.-ACTIVITY
Estimated Cost Amount

IA2001
IAV0001
ORG0001
PA0001
PAV0001
—
—
—
—

IA2001
IAV0001
ORG0001
PA0002
PAV0001
—
—
—
—

IA2001
IAV0001
ORG0001
PA0003
PAV0001
—
—
—
—

IA2001
IAV0001
ORG0001
PA0004
PAV0001
—
—
—
—

IA2001
IAV0001
ORG0001
PA0005
PAV0001
—
—
—
—

IA2001
IAV0001
ORG0001
PA0011
PAV0001
—
—
—
—

Table I-1.  Instance Table for Example Activity Model (Continued)

INFORMATION-ELEMENT (ICOM)

INFO-ELEM (ICOM) Identifier
ICOM Version Identifier

INFO-ELEM (ICOM) 
Name
INFO-ELEM (ICOM) 
Definition Text
INFO-ELEM (ICOM) Creation Date
INFO-ELEM (ICOM) 
Revision Date

ICOM0001
ICOMV0001
Rules & Constraints
—
—
—

ICOM0002
ICOMV0001
Commander’s Guidance
—
—
—

ICOM0003
ICOMV0001
Area of Interest Situation
—
—
—

ICOM0004
ICOMV0001
Intelligence Request
—
—
—

ICOM0005
ICOMV0001
Concept of Operations
—
—
—

ICOM0006
ICOMV0001
External Environment
—
—
—

ICOM0007
ICOMV0001
Requester Feedback
—
—
—

ICOM0008
ICOMV0001
External Coordination Inquiry/ Response
—
—
—

ICOM0010
ICOMV0001
Organic Sensor Data
—
—
—

ICOM0011
ICOMV0001
Externally Collected Data
—
—
—

ICOM0012
ICOMV0001
Existing Holdings
—
—
—

ICOM0013
ICOMV0001
Operations Data
—
—
—

ICOM0014
ICOMV0001
Other Intelligence
—
—
—

ICOM0015
ICOMV0001
Data Holdings
—
—
—

ICOM0016
ICOMV0001
Information Holdings
—
—
—

ICOM0017
ICOMV0001
Identified Assets
—
—
—

ICOM0018
ICOMV0001
Intelligence Response
—
—
—

ICOM0019
ICOMV0001
Task Status
—
—
—

ICOM0020
ICOMV0001
Intelligence Support Systems
—
—
—

ICOM0021
ICOMV0001
Intelligence Personnel
—
—
—

ICOM0022
ICOMV0001
Satisfaction Feedback Request
—
—
—

ICOM0023
ICOMV0001
External Coordination Response/ Inquiry
—
—
—

ICOM0024
ICOMV0001
External Intelligence Request
—
—
—

ICOM0025
ICOMV0001
Request Status
—
—
—

ICOM0026
ICOMV0001
Resource Request
—
—
—

ICOM0027
ICOMV0001
Resource Tasking
—
—
—

ICOM0028
ICOMV0001
Updated Existing Holdings
—
—
—

ICOM0029
ICOMV0001
Disseminated Intelligence Response
—
—
—

ICOM0030
ICOMV0001
Prioritized Request
—
—
—

ICOM0031
ICOMV0001
Organically Collected Data
—
—
—

ICOM0032
ICOMV0001
Relevant Information
—
—
—

Note:  ICOM0009 is intentionally omitted from this table.

INFORMATION-ELEMENT (ICOM)-ASSOCIATION

Ordinate ICOM Group Identifier (FK)
Subordinate ICOM Group Identifier (FK)
INFO-ELEM 
INFO-ELEM 

ICOM Identifier
ICOM Version Identifier
ICOM
Identifier
ICOM Version Identifier
(ICOM)-ASSOC 
Definition Text
(ICOM)-ASSOC 
Type Code

ICOM0015
ICOMV0001
ICOM0012
ICOMV0001
—
Is part of

ICOM0016
ICOMV0001
ICOM0012
ICOMV0001
—
Is part of

Note:  These instances of ICOM-ASSOCIATION state that ICOM 12 (Existing Holdings) splits into two ICOMs:  ICOM 15 (Data Holdings) and ICOM 16 (Information Holdings).

Table I-1.  Instance Table for Example Activity Model (Continued)

ACTIVITY-ICOM [for external, A0 Diagram in the Example]

Activity Model 
INFO-ASSET Group Identifier (FK)
PROCESS-ACTIVITY Group Identifier (FK)

ICOM Group Identifier (FK)




INFO-ASSET Identifier

INFO-ASSET Version Identifier


ORGANI-ZATION Identifier


PROCESS-ACTIVITY Identifier

PROCESS-ACTIVITY Version Identifier



ICOM Identifier


ICOM Version Identifier

ACTIVITY-ICOM Category Code

ICOMs for A0:  Provide Intelligence to Military Operations

IA2001
IAV0001
ORG0001
PA0011
PAV0001
ICOM0001
ICOMV0001
Control

IA2001
IAV0001
ORG0001
PA0011
PAV0001
ICOM0002
ICOMV0001
Control

IA2001
IAV0001
ORG0001
PA0011
PAV0001
ICOM0003
ICOMV0001
Control

IA2001
IAV0001
ORG0001
PA0011
PAV0001
ICOM0004
ICOMV0001
Control

IA2001
IAV0001
ORG0001
PA0011
PAV0001
ICOM0005
ICOMV0001
Control

IA2001
IAV0001
ORG0001
PA0011
PAV0001
ICOM0006
ICOMV0001
Control

IA2001
IAV0001
ORG0001
PA0011
PAV0001
ICOM0007
ICOMV0001
Input

IA2001
IAV0001
ORG0001
PA0011
PAV0001
ICOM0008
ICOMV0001
Input

IA2001
IAV0001
ORG0001
PA0011
PAV0001
ICOM0010
ICOMV0001
Input

IA2001
IAV0001
ORG0001
PA0011
PAV0001
ICOM0011
ICOMV0001
Input

IA2001
IAV0001
ORG0001
PA0011
PAV0001
ICOM0012
ICOMV0001
Input

IA2001
IAV0001
ORG0001
PA0011
PAV0001
ICOM0013
ICOMV0001
Input

IA2001
IAV0001
ORG0001
PA0011
PAV0001
ICOM0014
ICOMV0001
Input

IA2001
IAV0001
ORG0001
PA0011
PAV0001
ICOM0020
ICOMV0001
Mechanism

IA2001
IAV0001
ORG0001
PA0011
PAV0001
ICOM0021
ICOMV0001
Mechanism

IA2001
IAV0001
ORG0001
PA0011
PAV0001
ICOM0022
ICOMV0001
Output

IA2001
IAV0001
ORG0001
PA0011
PAV0001
ICOM0023
ICOMV0001
Output

IA2001
IAV0001
ORG0001
PA0011
PAV0001
ICOM0024
ICOMV0001
Output

IA2001
IAV0001
ORG0001
PA0011
PAV0001
ICOM0025
ICOMV0001
Output

IA2001
IAV0001
ORG0001
PA0011
PAV0001
ICOM0026
ICOMV0001
Output

IA2001
IAV0001
ORG0001
PA0011
PAV0001
ICOM0027
ICOMV0001
Output

IA2001
IAV0001
ORG0001
PA0011
PAV0001
ICOM0028
ICOMV0001
Output

IA2001
IAV0001
ORG0001
PA0011
PAV0001
ICOM0029
ICOMV0001
Output

Table I-1.  Instance Table for Example Activity Model (Continued)

ACTIVITY-ICOM [for activities A1, A2, and A3]

ICOMs for A1:  Direct Request Satisfaction

IA2001
IAV0001
ORG0001
PA0001
PAV0001
ICOM0001
ICOMV0001
Control

IA2001
IAV0001
ORG0001
PA0001
PAV0001
ICOM0002
ICOMV0001
Control

IA2001
IAV0001
ORG0001
PA0001
PAV0001
ICOM0003
ICOMV0001
Control

IA2001
IAV0001
ORG0001
PA0001
PAV0001
ICOM0004
ICOMV0001
Control

IA2001
IAV0001
ORG0001
PA0001
PAV0001
ICOM0005
ICOMV0001
Control

IA2001
IAV0001
ORG0001
PA0001
PAV0001
ICOM0007
ICOMV0001
Input

IA2001
IAV0001
ORG0001
PA0001
PAV0001
ICOM0008
ICOMV0001
Input

IA2001
IAV0001
ORG0001
PA0001
PAV0001
ICOM0017
ICOMV0001
Input

IA2001
IAV0001
ORG0001
PA0001
PAV0001
ICOM0018
ICOMV0001
Input

IA2001
IAV0001
ORG0001
PA0001
PAV0001
ICOM0019
ICOMV0001
Input

IA2001
IAV0001
ORG0001
PA0001
PAV0001
ICOM0020
ICOMV0001
Mechanism

IA2001
IAV0001
ORG0001
PA0001
PAV0001
ICOM0021
ICOMV0001
Mechanism

IA2001
IAV0001
ORG0001
PA0001
PAV0001
ICOM0022
ICOMV0001
Output

IA2001
IAV0001
ORG0001
PA0001
PAV0001
ICOM0023
ICOMV0001
Output

IA2001
IAV0001
ORG0001
PA0001
PAV0001
ICOM0024
ICOMV0001
Output

IA2001
IAV0001
ORG0001
PA0001
PAV0001
ICOM0025
ICOMV0001
Output

IA2001
IAV0001
ORG0001
PA0001
PAV0001
ICOM0026
ICOMV0001
Output

IA2001
IAV0001
ORG0001
PA0001
PAV0001
ICOM0027
ICOMV0001
Output

IA2001
IAV0001
ORG0001
PA0001
PAV0001
ICOM0030
ICOMV0001
Output

ICOMs for A2:  Collect Data

IA2001
IAV0001
ORG0001
PA0002
PAV0001
ICOM0001
ICOMV0001
Control

IA2001
IAV0001
ORG0001
PA0002
PAV0001
ICOM0002
ICOMV0001
Control

IA2001
IAV0001
ORG0001
PA0002
PAV0001
ICOM0003
ICOMV0001
Control

IA2001
IAV0001
ORG0001
PA0002
PAV0001
ICOM0006
ICOMV0001
Control

IA2001
IAV0001
ORG0001
PA0002
PAV0001
ICOM0027
ICOMV0001
Control

IA2001
IAV0001
ORG0001
PA0002
PAV0001
ICOM0010
ICOMV0001
Input

IA2001
IAV0001
ORG0001
PA0002
PAV0001
ICOM0030
ICOMV0001
Input

IA2001
IAV0001
ORG0001
PA0002
PAV0001
ICOM0020
ICOMV0001
Mechanism

IA2001
IAV0001
ORG0001
PA0002
PAV0001
ICOM0021
ICOMV0001
Mechanism

IA2001
IAV0001
ORG0001
PA0002
PAV0001
ICOM0017
ICOMV0001
Output

IA2001
IAV0001
ORG0001
PA0002
PAV0001
ICOM0019
ICOMV0001
Output

IA2001
IAV0001
ORG0001
PA0002
PAV0001
ICOM0031
ICOMV0001
Output

ICOMs for A3:  Process Data

IA2001
IAV0001
ORG0001
PA0003
PAV0001
ICOM0001
ICOMV0001
Control

IA2001
IAV0001
ORG0001
PA0003
PAV0001
ICOM0002
ICOMV0001
Control

IA2001
IAV0001
ORG0001
PA0003
PAV0001
ICOM0027
ICOMV0001
Control

IA2001
IAV0001
ORG0001
PA0003
PAV0001
ICOM0011
ICOMV0001
Input

IA2001
IAV0001
ORG0001
PA0003
PAV0001
ICOM0015
ICOMV0001
Input

IA2001
IAV0001
ORG0001
PA0003
PAV0001
ICOM0030
ICOMV0001
Input

IA2001
IAV0001
ORG0001
PA0003
PAV0001
ICOM0031
ICOMV0001
Input

IA2001
IAV0001
ORG0001
PA0003
PAV0001
ICOM0020
ICOMV0001
Mechanism

IA2001
IAV0001
ORG0001
PA0003
PAV0001
ICOM0021
ICOMV0001
Mechanism

IA2001
IAV0001
ORG0001
PA0003
PAV0001
ICOM0019
ICOMV0001
Output

IA2001
IAV0001
ORG0001
PA0003
PAV0001
ICOM0028
ICOMV0001
Output

IA2001
IAV0001
ORG0001
PA0003
PAV0001
ICOM0032
ICOMV0001
Output

Table I-1.  Instance Table for Example Activity Model (Continued)

ACTIVITY-ICOM [for activities A4 and A5]

ICOMs for A4:  Produce Response

IA2001
IAV0001
ORG0001
PA0004
PAV0001
ICOM0001
ICOMV0001
Control

IA2001
IAV0001
ORG0001
PA0004
PAV0001
ICOM0002
ICOMV0001
Control

IA2001
IAV0001
ORG0001
PA0004
PAV0001
ICOM0003
ICOMV0001
Control

IA2001
IAV0001
ORG0001
PA0004
PAV0001
ICOM0027
ICOMV0001
Control

IA2001
IAV0001
ORG0001
PA0004
PAV0001
ICOM0013
ICOMV0001
Input

IA2001
IAV0001
ORG0001
PA0004
PAV0001
ICOM0014
ICOMV0001
Input

IA2001
IAV0001
ORG0001
PA0004
PAV0001
ICOM0016
ICOMV0001
Input

IA2001
IAV0001
ORG0001
PA0004
PAV0001
ICOM0030
ICOMV0001
Input

IA2001
IAV0001
ORG0001
PA0004
PAV0001
ICOM0032
ICOMV0001
Input

IA2001
IAV0001
ORG0001
PA0004
PAV0001
ICOM0020
ICOMV0001
Mechanism

IA2001
IAV0001
ORG0001
PA0004
PAV0001
ICOM0021
ICOMV0001
Mechanism

IA2001
IAV0001
ORG0001
PA0004
PAV0001
ICOM0018
ICOMV0001
Output

IA2001
IAV0001
ORG0001
PA0004
PAV0001
ICOM0019
ICOMV0001
Output

IA2001
IAV0001
ORG0001
PA0004
PAV0001
ICOM0028
ICOMV0001
Output

ICOMs for A5:  Disseminate Intelligence

IA2001
IAV0001
ORG0001
PA0005
PAV0001
ICOM0001
ICOMV0001
Control

IA2001
IAV0001
ORG0001
PA0005
PAV0001
ICOM0002
ICOMV0001
Control

IA2001
IAV0001
ORG0001
PA0005
PAV0001
ICOM0027
ICOMV0001
Control

IA2001
IAV0001
ORG0001
PA0005
PAV0001
ICOM0018
ICOMV0001
Input

IA2001
IAV0001
ORG0001
PA0005
PAV0001
ICOM0030
ICOMV0001
Input

IA2001
IAV0001
ORG0001
PA0005
PAV0001
ICOM0020
ICOMV0001
Mechanism

IA2001
IAV0001
ORG0001
PA0005
PAV0001
ICOM0021
ICOMV0001
Mechanism

IA2001
IAV0001
ORG0001
PA0005
PAV0001
ICOM0019
ICOMV0001
Output

IA2001
IAV0001
ORG0001
PA0005
PAV0001
ICOM0029
ICOMV0001
Output

ACTIVITY-MODEL-PROCESS-ACTIVITY-ASSOCIATION


Activity Model 
INFO-ASSET Group Identifier
Ordinate 
PROCESS-ACTIVITY Group Identifier
Subordinate
PROCESS-ACTIVITY Group Identifier
ACTIVITY-MODEL-PROCESS-



INFO-ASSET Identifier

INFO-ASSET Version Identifier


ORGANI-ZATION Identifier


PROCESS-ACTIVITY Identifier

PROCESS-ACTIVITY Version Identifier


PROCESS-ACTIVITY Identifier

PROCESS-ACTIVITY Version Identifier
ACTIVITY-ASSOC
Subordinate Sequence Identifier

IA2001
IAV0001
ORG0001
PA0011
PAV0001
PA0001
PAV0001
1

IA2001
IAV0001
ORG0001
PA0011
PAV0001
PA0002
PAV0001
2

IA2001
IAV0001
ORG0001
PA0011
PAV0001
PA0003
PAV0001
3

IA2001
IAV0001
ORG0001
PA0011
PAV0001
PA0004
PAV0001
4

IA2001
IAV0001
ORG0001
PA0011
PAV0001
PA0005
PAV0001
5

These instances of ACTIVITY-MODEL-PROCESS-ACTIVITY-ASSOCIATION state that PROCESS-ACTIVITY PA0011 has five sub-PROCESS-ACTIVITYs in this ACTIVITY-MODEL:  PROCESS-ACTIVITYs PA0001, PA0002, PA0003, PA0004, and PA0005.

(This page intentionally left blank)

ANNEX J.  BACKGROUND FOR DYNAMIC MODELING

J.1
DEFINITIONS

abstract class—a class that cannot have direct instances but whose descendants can have instances.

action—(in dynamic modeling) an instantaneous operation.  Actions are associated with events and are usually formal in nature.

activity—(in dynamic modeling) an operation that takes time to complete.  Activities are associated with states and represent real-world accomplishments.

architecture—the overall structure of a system, including its partitioning into subsystems and their allocation to tasks and processors.

association—a relationship among instances of two or more classes describing a group of links with common structure and common semantics.

attribute—a named property of a class describing a data value held by each object of the class.

automatic transition—(in dynamic modeling) an unlabeled transition that automatically fires when the activity associated with the source state is completed.

class—a description of a group of objects with similar properties, common behavior, common relationships, and common semantics.

class attribute—an attribute whose value is common to a class of objects rather than a value peculiar to each instance.

class descriptor—an object representing a class itself, containing a list of attributes and methods as well as the values of any class attributes.  Class descriptors are implemented in some, but not all, languages.  A class descriptor is an instance of a metaclass.

class operation—an operation on a class, rather than on instances of the class.  An instance creation operation is a common example.

conceptual schema—(in a relational database) a design from the perspective of an entire enterprise.

concrete class—a class that can have direct instances.

concurrent—two or more tasks, activities, or events whose execution may overlap in time.

condition—(in dynamic modeling) a Boolean function of object values valid over an interval of time.

constraint—a functional relationship between objects, classes, attributes, links, and associations; a statement about some condition or relationship that must be maintained as true.  (Contrast with assertion and invariant.)

container class—a class of container objects.  Examples include sets, arrays, dictionaries, and associations.

control—the aspect of a system that describes the sequences of operations that occur in response to stimuli.

database—a permanent, self-descriptive repository of data that is managed by a DBMS.

data dictionary—a textual description of each class, its associations, attributes, and operations.

derived attribute—an attribute that is computed from other attributes.

descendent class—a class that is a direct or indirect subclass of a given-class.

direct instance—an object that is an instance of a class but not an instance of any subclass of the class.

discriminator—an attribute of enumeration type that indicates which property of a class is being abstracted by a particular generalization.

domain—(in a database) the set of legal values for an attribute in a database; (mathematics) the set over which a function or relation is defined.

dynamic model—a description of aspects of a system concerned with control, including time, sequencing of operations, and interaction of objects.

entity-relationship (ER) diagram—a graphical representation that shows entities and the relationships between them.

event—(in dynamic modeling) something that happens instantaneously at a point in time.

event attribute—data values conveyed by an event from one object to another.

event trace—a diagram that shows the sender and receiver of events and the sequence of events.

external schema—(in a relational database) a design from the perspective of a single application.

feature—either an attribute or an operation of a class.

generalization—the relationship between a class and one or more refined or specialized versions of it.

guarded transition—(in dynamic modeling) a transition that fires only if a guard condition is true.

identity—a distinguishing characteristic of an object that denotes a separate existence of the object even though the object may have the same data values as another object.

indirect instance—an object that is an instance of a class and also an instance of a subclass of the class.

inheritance—an object-oriented mechanism that permits classes to share attributes and operations based on a relationship, usually generalization.

instance—an object described by a class.

instance diagram—an object diagram that describes how a particular set of object instances relate to each other (contrast with class diagram.)

instantiation—the process of creating instances from classes.

leaf class—a class with no subclasses.  It must be a concrete class.

link—an instance of an association; a physical or conceptual connection between objects.

metadata—data that describes other data.

multiple inheritance—a type of inheritance that permits a class to have more than one superclass and to inherit features from all ancestors.

normal form—(in a relational database) a set of rules that reduce consistency problems from table updates.

null—(in a relational database) a special value that denotes an attribute value which is unknown or not applicable for a given row.

object—a concept, abstraction, or thing with crisp boundaries and meanings for the problem at hand; an instance of a class.

object diagram—a graphical representation of other object model showing relationships, attributes, and operations.  (See instance diagram and class diagram, which are the usual special cases.  However, models with metadata do not permit such a dichotomy.)

object model—a description of the structure of the objects in a system including their identity, relationships to other objects, attributes, and operations.

object-oriented—a software development strategy that organizes software as a collection of objects that contain both data structure and behavior.  Abbreviated 00.

operation—a function or transformation that may be applied to objects in a class.

partition—a subsystem that provides a particular kind of service.  A partition may itself be built from lower level subsystems.  (Contrast with layer.)

protocol—specification of the semantics of an operation, including its signature, a description of the function performed by the operation, and any preconditions or postconditions.

real-time system—an interactive system for which time constraints on actions are particularly tight or in which the slightest timing failure cannot be tolerated.

referential integrity—(in a relationship database) a property of a database such that each foreign key is consistent with its corresponding primary key.

scenario—(in dynamic modeling) a sequence of events that occur during one particular execution of a system.

schema—the structure or template of the data in a database.

service—a group of related functions (or operations) that work together to provide a functional capability.

single inheritance—a type of inheritance in which a class may have only a single superclass.

specialization—the creation of subclasses from a superclass by refining the superclass.

SQL—a standard language for interacting with relational DBMS.

state—the values of the attributes and links of an object at a particular time.

state diagram—a directed graph in which nodes represent system states and arcs represent transitions between states.

structure chart—a tree-shaped graph in which the nodes represent procedures and the arcs represent caller/callee relationships.

subclass—(in generalization) a refined version of another class, the superclass.  An instance of the subclass is also an instance of the superclass.

subsystem—a major component of a system organized around some coherent theme.  A system may be divided into subsystems using either partitions or layers.

superclass—(in generalization) a more abstract version of another class, the subclass.

system—an organized collection of components that interact.

table—(in a relational database) an organization of data that has a specific number of columns, and an arbitrary number of rows.  Often called a relation.

transition—a change of state caused by an event.

type—a set of objects or values with similar behavior, usually expressed by the operations defined on the type, without regard for the potential implementation of the type.  A type is a semantic property.

virtual—something that has conceptual but not actual existence; (in C++) an operation that can be overridden by a descendent class.

J.2
BASIC NOTATION OF OBJECT-ORIENTED MODELING
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Figure J-1.  Internal Actions
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Figure J-2.  Dynamic Model Notation
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Figure J-3.  Functional Model Notation

J.3
Proposed Object Model Extensions to the CADM

This proposal
 describes a set of proposed extensions to the C4ISR Architecture Data Model (CADM) to provide hooks for object oriented architecture, system, and information models, as well as object oriented software designs and software components, as architecture products.

Over the past several years the software industry has seen a mass migration to object oriented technology.  Object oriented techniques are now also being applied to system and architecture modeling.  Architecture products based on these techniques are not yet reflected in the CADM.  The extensions required to accommodate these products in the CADM are quite modest considering the benefits that can be derived from using these modern modeling and design techniques.

J.3.1
Organizing Principles

The principal difference between conventional and object oriented modeling techniques is that conventional techniques separate information structures and operations or processes into separate areas.  Information modeling defines all the information structures.  Activity modeling defines all the operations or processes that perform required functions.

Object oriented techniques package each information structure with the operations or processes that operate on that type of information.  Each package forms an object.  So the organizing principle is to chunk the information structures with their related operations.  These operations or processes are called “methods” in object parlance.  A complete model is then built by creating a top object that combines component objects and ties together their methods to represent all the required characteristics and functions.

The CADM currently reflects the conventional model organizing principle.  The extensions we propose (Figure J-4) accommodate the object oriented organizing principle and terminology.
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Figure J-4.  IDEF1X Diagram for OBJECT Specification as an Extension to the CADM

J.3.2
Objects

The first addition to the CADM is a new subtype of INFORMATION-ASSET for objects.

OBJECT  {new entity}

Object INFO-ASSET Identifier (FK)

OBJECT Revision Date

OBJECT Category Code

J.3.3
Object Attributes

An OBJECT consists of a collection of OBJECT-ATTRIBUTEs and a collection of associated OBJECT-METHODs.  OBJECTs are connected to their OBJECT-ATTRIBUTEs by the OBJECT-OBJECT-ATTRIBUTE-ASSOCIATION.

OBJECT-ATTRIBUTE  {new entity}

Object Attribute INFO-ASSET Identifier (FK)

OBJECT-ATTRIBUTE Category Code

OBJECT-ATTRIBUTE Role Name

OBJECT-OBJECT-ATTRIBUTE-ASSOCIATION {new association}

Object Attribute INFO-ASSET Identifier (FK)

Object INFO-ASSET Identifier (FK)



OBJECT-ATTRIBUTEs may be either PRIMITIVE-OBJECT-ATTRIBUTEs or STRUCTURED-OBJECT-ATTRIBUTEs.  These are distinguished by the OBJECT-ATTRIBUTE Category Code.  The following entities link PRIMITIVE-OBJECT-ATTRIBUTEs to their defining DATA-ATTRIBUTEs, and STRUCTURED-OBJECT-ATTRIBUTEs to their defining OBJECTs.

PRIMITIVE-OBJECT-ATTRIBUTE {new association}

Object Attribute INFO-ASSET Identifier (FK)

Data Attribute INFO-ASSET Group Identifier (FK)

STRUCTURED-OBJECT-ATTRIBUTE {new association}

Object Attribute INFO-ASSET Identifier (FK)

Object INFO-ASSET Identifier (FK)

J.3.4
Object Methods

OBJECT-METHODs specify the functions or processes that operate on the information represented by OBJECTs and OBJECT-ATTRIBUTEs.  OBJECTs are connected to their OBJECT-METHODs by the OBJECT-OBJECT-METHOD-ASSOCIATION.
OBJECT-METHOD  {new entity}

Object Method INFO-ASSET Identifier (FK)

OBJECT METHOD Revision Date

OBJECT-OBJECT-METHOD-ASSOCIATION  {new association}

Object INFO-ASSET Identifier (FK)

Object Method INFO-ASSET Identifier (FK)



OBJECT-METHODs in software designs are implemented by software functions or procedures.  The CADM currently has software procedures organized by the SOFTWARE-APPLICATIONs they are part of, rather than the OBJECTs they are part of.  To model OBJECT-METHOD implementations cleanly requires a change to the CADM’s definition of SOFTWARE-APPLICATION-PROCEDURE.  This entity contains both the facts about software procedures and their association with applications.  As it stands, this entity is not in third normal form and requires duplication of the facts for any procedure that is used in more than one application.  We, therefore, propose to split this entity as follows:

SOFTWARE-APPLICATION-PROCEDURE  {modification of existing entity}

Software Application INFO-ASSET Group Identifier (FK)

Software Procedure INFO-ASSET Group Identifier (FK)



SOFTWARE-PROCEDURE  {new entity}

Software Procedure INFO-ASSET Group Identifier (FK)

SOFTWARE-PROCEDURE Author Name

SOFTWARE-PROCEDURE Creation Date

SOFTWARE-PROCEDURE Execution Cycle Description Text

SOFTWARE-PROCEDURE Language Name

SOFTWARE-PROCEDURE Revision Date

OBJECT-METHODs for software OBJECTs can now be linked to the SOFTWARE-PROCEDUREs that implement them.

OBJECT-METHOD-SOFTWARE-PROCEDURE-ASSOCIATION {new association}

Object Method INFO-ASSET Identifier (FK)

Software Procedure INFO-ASSET Identifier (FK)



J.3.5
Object Classes

Object oriented modeling defines its own collection of meta-level objects to represent information about objects.  These meta-level objects are called classes.  OBJECT-CLASS is defined here as a subtype of OBJECT, distinguished by the OBJECT Category Code attribute.  There are two essential associations between objects and classes.  The first connects instances of OBJECTs to the OBJECT-CLASS(es) they belong to.  The second represents the parent-child relationship between OBJECT-CLASSes.  These are accommodated by the following associations:

OBJECT-CLASS  {new subtype of OBJECT}

Object Class INFO-ASSET Identifier (FK)



OBJECT-OBJECT-CLASS-ASSOCIATION  {new association}

Instance Object INFO-ASSET Identifier (FK)

Object Class INFO-ASSET Identifier (FK)



CLASS-PARENT-CHILD-ASSOCIATION  {new association}

Child Object Class INFO-ASSET Identifier (FK)

Parent Object Class INFO-ASSET Identifier (FK)



J.3.6
Software Materiel Items

Next, software OBJECTs need to be supported as SOFTWARE-ITEMs, which are a subtype of MATERIEL-ITEM.  Right now it appears that the only types of SOFTWARE-ITEMs recognized in the CADM are SOFTWARE-APPLICATIONs.  We propose using the SOFTWARE-ITEM Category Code to distinguish conventional application software from object-oriented software.  (This change also allows easy addition of a procedure library as another type of SOFTWARE-ITEM.)  The following entities link CONVENTIONAL-SOFTWARE-ITEMs to the corresponding SOFTWARE-APPLICATIONs, OBJECT-ORIENTED-SOFTWARE-ITEMs to the corresponding software OBJECTs, and PROCEDURE-LIBRARY-SOFTWARE-ITEMs to the corresponding SOFTWARE-PROCEDUREs.

CONVENTIONAL-SOFTWARE-ITEM

Software Item MATERIEL-ITEM Identifier (FK)

Software Application INFO-ASSET Group Identifier (FK)

OBJECT-ORIENTED-SOFTWARE-ITEM

Software Item MATERIEL-ITEM Identifier (FK)

Object INFO-ASSET Identifier (FK)

PROCEDURE-LIBRARY-SOFTWARE-ITEM

Software Item MATERIEL-ITEM Identifier (FK)

Software Procedure INFO-ASSET Identifier (FK)

J.3.7
Conclusion

The connections between all of the new entities described above are shown in the attached model diagram.  Descriptive definitions of each entity and attribute are given in the attached tables.

Overall, these new entities appear to be a very modest extension of the CADM, yet they provide all the essential hooks to build architecture, system, and information object models and object-oriented software components, and incorporate them all as C4ISR architecture products.

Table J-1.  Entity Definitions for OBJECT Specification

Entity Name
Entity Definition
Entity Type

CLASS-PARENT-CHILD-ASSOCIATION
The association between parent and child classes.
Dependent

CONVENTIONAL-SOFTWARE-ITEM
A software application developed using conventional techniques.
Dependent

DATA-ATTRIBUTE
(4363) (A)  A PROPERTY OR CHARACTERISTIC OF A DATA ENTITY THAT IS COMMON TO  INSTANCES OF AN ENTITY AND REPRESENTS THE ASSOCIATION OF A DATA DOMAIN WITH A DATA ENTITY.
Dependent

INFORMATION-ASSET
(4246) (A)  AN INFORMATION RESOURCE.
Dependent

OBJECT
A model component developed using object oriented techniques.  
Dependent

OBJECT-ATTRIBUTE
An attribute that is part of an object.
Dependent

OBJECT-CLASS
A meta-level object.
Dependent

OBJECT-METHOD
A specification of an operation or process associated with an object.
Dependent

OBJECT-METHOD-SOFTWARE-PROCEDURE-ASSOCIATION
The association between object methods and the software procedures that implement them.
Dependent

OBJECT-OBJECT-ATTRIBUTE-ASSOCIATION
The association between objects and the attributes they contain.
Dependent

OBJECT-OBJECT-CLASS-ASSOCIATION
The association between objects and the class(es) they are instances of.
Dependent

OBJECT-OBJECT-METHOD-ASSOCIATION
The association between objects and the methods that operate on them.  
Dependent

OBJECT-ORIENTED-SOFTWARE-ITEM
A software item developed using object oriented techniques.  
Dependent

PRIMITIVE-OBJECT-ATTRIBUTE
An object attribute that is a simple data attribute.  
Dependent

PROCEDURE-LIBRARY-SOFTWARE-ITEM
A collection of related software procedures.
Dependent

SOFTWARE-APPLICATION
(5344) (A)  A COLLECTION OF AUTOMATED PROGRAMS THAT PROVIDES A SPECIFIC SET OF INFORMATION ON PROCESSING SERVICES.
Dependent

SOFTWARE-ITEM
A set of instructions that govern the operation of data processing equipment.  Derived from:  SOFTWARE--(1853/1) (D)  A SET OF INSTRUCTIONS THAT OPERATES DATA PROCESSING EQUIPMENT.  (MODIFIED FROM:  DATA PRO - STORED SETS OF INSTRUCTIONS THAT GOVERN THE OPERATION OF A COMPUTER SYSTEM AND MAKE THE HARDWARE RUN.)  See also SOFTWARE-TYPE (1862/1) (D)  THE CODE THAT REPRESENTS THE CLASS OF SOFTWARE.
Dependent

SOFTWARE-PROCEDURE
A software module that performs a particular function.
Dependent

STRUCTURED-OBJECT-ATTRIBUTE
An object attribute that is itself an object.
Dependent

Table J-2.  Attribute Definitions for OBJECT Specification

Attribute Name
Entity Usage
Attribute Definition

DATA-ATTRIBUTE ABBREVIATED NAME
DATA-ATTRIBUTE
(20306/2) (A)  THE NAME OF THE SHORTENED FORM OF A DATA-ATTRIBUTE.

DATA-ATTRIBUTE CATEGORY CODE
DATA-ATTRIBUTE
(24474/2) (A)  THE CODE THAT REPRESENTS THE CLASSIFICATION OF A DATA-ATTRIBUTE.

DATA-ATTRIBUTE CHARACTERISTIC NAME
DATA-ATTRIBUTE
(20308/2) (A)  THE NAME OF A PROPERTY OF A DATA-ATTRIBUTE.

DATA-ATTRIBUTE KEY TYPE CODE
DATA-ATTRIBUTE
(20319/2) (A)  THE CODE THAT REPRESENTS A KIND OF IDENTIFIER OF A  DATA-ATTRIBUTE.

DATA-ATTRIBUTE REFERENCE SOURCE IDENTIFIER
DATA-ATTRIBUTE
(20314/2) (A)  THE IDENTIFIER THAT REPRESENTS THE BASIS FOR CREATION OF A DATA-ATTRIBUTE.

DATA-ATTRIBUTE REVISION DATE
DATA-ATTRIBUTE
(20315/2) (A)  THE AMENDMENT DATE OF A DATA-ATTRIBUTE.

DATA-ATTRIBUTE TIMELINESS CODE
DATA-ATTRIBUTE
(29417/2) (A)  THE CODE THAT REPRESENTS THE FREQUENCY UPDATE OF A DATA-ATTRIBUTE.

DATA-ATTRIBUTE VALIDATION PROCEDURE TEXT
DATA-ATTRIBUTE
(20320/2) (A)  THE TEXT THAT DESCRIBES THE VERIFICATION METHODOLOGY OF A DATA-ATTRIBUTE.

INFORMATION-ASSET ACRONYM TEXT
INFORMATION-ASSET
(30811) (A)  THE TEXT THAT DESCRIBES THE INITIAL CHARACTERS OF THE NAME OF AN INFORMATION-ASSET.

INFORMATION-ASSET COMMENT TEXT
INFORMATION-ASSET
(20394/2) (A)  THE TEXT OF COMMENTARY ON AN INFORMATION-ASSET.

INFORMATION-ASSET DEFINITION TEXT
INFORMATION-ASSET
(20396/2) (A)  THE TEXT THAT DEFINES AN INFORMATION-ASSET.

INFORMATION-ASSET IDENTIFIER
INFORMATION-ASSET
(20393/2) (A)  THE IDENTIFIER THAT REPRESENTS AN INFORMATION-ASSET.

INFORMATION-ASSET NAME
INFORMATION-ASSET
(20397/3) (A)  THE NAME OF AN INFORMATION-ASSET.

INFORMATION-ASSET REUSABLE CODE
INFORMATION-ASSET
(20398/2) (A)  THE CODE THAT REPRESENTS THE REUSABILITY OF AN INFORMATION-ASSET.

INFORMATION-ASSET SHORT NAME
INFORMATION-ASSET
(30300) (A)  THE SHORTENED NAME OF AN INFORMATION-ASSET.

INFORMATION-ASSET STANDARDIZATION AUTHORITY CODE
INFORMATION-ASSET
(29427/2) (A)  THE CODE THAT REPRESENTS THE APPROVAL AUTHORITY OF AN INFORMATION-ASSET.

INFORMATION-ASSET STANDARDIZATION STATUS CODE
INFORMATION-ASSET
(25127/2) (A)  THE CODE THAT REPRESENTS THE CONFORMITY TO ESTABLISHED CRITERIA OF AN INFORMATION-ASSET.

INFORMATION-ASSET STANDARDIZATION STATUS DATE
INFORMATION-ASSET
(25175/2) (A)  THE DATE OF THE CONFORMITY TO ESTABLISHED CRITERIA OF AN INFORMATION-ASSET.

INFORMATION-ASSET TYPE CODE
INFORMATION-ASSET
(30797/1) (A)  THE CODE THAT REPRESENTS A KIND OF INFORMATION-ASSET.

INFORMATION-ASSET VERSION IDENTIFIER
INFORMATION-ASSET
(20400/2) (A)  THE IDENTIFIER THAT REPRESENTS A SPECIFIC RENDITION OF AN INFORMATION-ASSET  .

INTERNAL-DATA-FIELD-STANDARD {Delete}
DATA-ATTRIBUTE
(26760) (A) and (5286) (A)  THE IDENTIFIER THAT REPRESENTS AN INTERNAL-DATA-FIELD THAT MAPS DIRECTLY TO AND INHERITS THE METADATA FROM A SINGLE DATA ATTRIBUTE.

OBJECT Category Code
OBJECT
The class of a specific OBJECT.

OBJECT Revision Date
OBJECT
The date on which a specific OBJECT was last modified.

OBJECT-ATTRIBUTE Category Code
OBJECT-ATTRIBUTE
The code the denotes the class of an OBJECT-ATTRIBUTE.  It serves as a discriminator for subtypes of OBJECT-ATTRIBUTE.

OBJECT-ATTRIBUTE Comment Text
OBJECT-ATTRIBUTE
The text that summarizes a specific OBJECT-ATTRIBUTE.

OBJECT-ATTRIBUTE Role Name
OBJECT-ATTRIBUTE
The name indicating context for a specific OBJECT-ATTRIBUTE

OBJECT-METHOD Revision Date
OBJECT-METHOD
The date on which a specific OBJECT-METHOD was last modified.

SOFTWARE-APPLICATION FUNCTIONAL DESCRIPTION TEXT
SOFTWARE-APPLICATION
(23786) (A)  THE TEXT THAT DESCRIBES THE OPERATIONS OF A SOFTWARE-APPLICATION.

SOFTWARE-APPLICATION PRODUCTION STATUS CODE
SOFTWARE-APPLICATION
(24004) (A)  THE CODE THAT REPRESENTS THE OPERATIONAL STATUS OF A SOFTWARE-APPLICATION.

SOFTWARE-APPLICATION VERSION RELEASE DATE
SOFTWARE-APPLICATION
(23716) (A)  THE ISSUE DATE OF A RENDITION OF A SOFTWARE-APPLICATION.

SOFTWARE-ITEM Build Identifier
SOFTWARE-ITEM
The identifier for a specific integration event for a SOFTWARE-ITEM.

SOFTWARE-ITEM COTS Indicator Code
SOFTWARE-ITEM
The code that designates whether a specific SOFTWARE-ITEM is available as a commercial off-the-shelf product.

SOFTWARE-ITEM Category Code
SOFTWARE-ITEM
The code the denotes the class of a SOFTWARE-ITEM.  It serves as a discriminator for subtypes of SOFTWARE-ITEM.

SOFTWARE-ITEM Description Text
SOFTWARE-ITEM
The text that summarizes a SOFTWARE-ITEM.

SOFTWARE-ITEM GOTS Indicator Code
SOFTWARE-ITEM
The code that designates whether a specific SOFTWARE-ITEM is available as a government-developed off-the-shelf product.

SOFTWARE-ITEM Release Date
SOFTWARE-ITEM
The date a specific SOFTWARE-ITEM was distributed for general use.

SOFTWARE-ITEM Version Identifier
SOFTWARE-ITEM
The identifier of a specific release of the SOFTWARE-ITEM.

SOFTWARE-PROCEDURE Author Name
SOFTWARE-PROCEDURE
The name of the one responsible for the development of a SOFTWARE-PROCEDURE.

SOFTWARE-PROCEDURE Creation Date
SOFTWARE-PROCEDURE
The date on which a specific SOFTWARE-PROCEDURE was initially completed.

SOFTWARE-PROCEDURE Execution Cycle Description Text
SOFTWARE-PROCEDURE
The text that summarizes the logical specification of a SOFTWARE-PROCEDURE.

SOFTWARE-PROCEDURE Language Name
SOFTWARE-PROCEDURE
The name of the programming language for a SOFTWARE-PROCEDURE.

SOFTWARE-PROCEDURE Revision Date
SOFTWARE-PROCEDURE
The date on which a specific SOFTWARE-PROCEDURE was last changed.
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ANNEX K.  SUMMARY OF IDEF1X METHODOLOGY AND NOTATION

K.1
Introduction

Whenever data structures and business rules required to support a business area need to be specified, it is convenient to build a so-called data model in order to capture that information.  A data model is, therefore, a description of the organization of data in a manner that reflects the information structure of an enterprise.  It encompasses the entity definitions, relationships, and the integrity constraints through which the information created and used by the functional activity is managed, and from which standard data are created. [DoD 8020.1 1992].

Having identified what a data model is, one still needs a structured syntax to begin expressing the information structure of the business.  IDEF1X, a methodology created to help design data, provides such a structured environment, with special focus on relational constructs.

The following sections provide a brief description of the IDEF1X syntax as discussed in Thomas A. Bruce’s book Designing Quality Databases with IDEF1X Information Models [Bruce 1992a].

K.2
Entities and Attributes

An entity is anything about which information is stored in a data base.  In a conceptual schema language, any concrete or abstract thing of interest, including associations among things [Enterprise Model 1993].

IDEF1X distinguishes between independent and dependent entities.  Figure K-1 shows the symbols associated with independent and dependent entities.  The kind of information stored in the data base is, loosely speaking, the attributes or properties which describe the entity.  For instance, if PERSON is an entity in a given data model, then person-name, person-social-security-number, person-address, etc., may all be properties or attributes of that entity for the purposes of that enterprise.  Attributes are divided into key-attributes and non-key-attributes, i.e., those used to uniquely identify the entity and those properties of the entity not used for that purpose.
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Figure K-1.  IDEF1X Symbols for Independent and Dependent Entities

The IDEF1X syntax further categorizes attributes according to its diverse uses in either the key-area or the data area of the entity.  Table K-1 summarizes these different usages.

Table K-1.  IDEF1X Attribute Notation

attribute (FK)
Foreign Key
Primary key of another entity contributed by a relationship

role.name.attribute (FK)
Role Name
New name for a foreign key connoting its use.

attribute (AKn)
Alternate Key
Alternate unique identifier of the entity

attribute (IEn)
Inversion Entry
Non-unique access identifier of the entity

group.(c1,c2,c3)
Group Attribute
Attribute is a group containing the listed constituents.

attribute(fk1,fk2,fk3)(FK)
Unified Foreign Key
Listed foreign keys are unified to a single foreign key attribute

K.3
Category Notation

A data model may contain a series of entities which share one or more attributes.  IDEF1X provides a method for aggregating these common attributes into a base entity, while retaining the subtypes with their unique properties.  This avoids unnecessary duplication of attributes and helps with the book-keeping of the model.

Figure K-2 shows the two types of category supported by IDEF1X.  If the listing of the subtypes is exhaustive, the category is complete and the double line is used to indicate this fact.  If the subtypes depicted are only a fraction of the complete set then the category is incomplete and only one line is used in the symbol.  The subtypes of the generic parent inherit all the attributes of that parent, but are not limited to spawning their own unique relationships and subtypes if necessary.
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Figure K-2.  IDEF1X Syntax for Entity Categories

K.4
Relationship Notation

IDEF1X allows three main types of relationship, namely, identifying relationships, non-identifying relationships and non-specific relationships.  (See Figure K-3.)
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Figure K-3.  IDEF1X Relationship Notation

K.5
Cardinality Notation

A further aspect of a relationship is its cardinality.  The first two relationships shown in Figure K-3 (above) were one-to-many, that is, where at least one parent entity has zero or more child entities associated to it.  There are, however, situations in which zero or one parent entity may have zero or more child entities associated to it, or where it is guaranteed that there is either at least one parent or one child present in the relationship in combination with zero or more of the other kind.  Figure K-4 depicts all these combinations diagrammatically.



Figure K-4.  IDEF1X Cardinality Notation

� 	The material in this annex is based on James Rumbaugh, et al., Object-Oriented Modeling and Design [Rumbaugh 1991].


� 	Proposed Object Model Extensions to the CADM, White Paper Prepared for Major Millard Howard, Office of the Chief Architect, BMDO [IDA/POET 1997].


� 	The material in this annex is taken from Annex I of ATCCIS Working Paper 5-5, ATCCIS Battlefield Generic Hub 3 Data Model Specification [GH3 1997].
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