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Patient care Work Group
Care Plan Domain Analysis Model Project (CPDAMP)
Deliverables

This document is limited to identifying and defining deliverables of the project. This excludes project management contents like project scope statement, calendar, work plan, roles and responsibilities.

Sources:

· HDF 1.5

· 2011.02.21 CIC DAM Development Guide DRAFT.doc
· ONC S&I method

· Canada Health Infoway Blueprint V2 Reference Architecture

· IBM RUP methodology (to be looked at if necessary)

Definition of Domain Analysis Model (DAM)
HDF 1.5, page 34:

Requirement/Domain Analysis is a task typically performed by domain experts and business analysts who represent the users and understand their system interoperability needs. The problem space for HL7 is defined by the interoperability requirements of stakeholders in a given domain of healthcare delivery or administration. This includes all sharing of information among healthcare stakeholders that may be required for the collection, aggregation, reporting, and other analysis of clinical, administrative, and financial data information that pertains to the business. A DAM defines what needs to be done, not how to do it. It is important to separate the description of requirements from the design of the solution. Prematurely including technical and implementation details will compromise the clarity of the original problem and will result in standards that fall short of the business needs. The DAM is used to create standard specifications by harmonizing it with HL7 references including the Reference Information Model (RIM), structural vocabulary, and application roles. )page 34)
A Domain Analysis Model is an analysis model that describes business processes, use cases, process flows, business triggers, and the information exchanged that are derived from a project's requirements.... It is important to mention that a DAM contains not only an information model but also a comprehensive analysis model which includes business processes and system interactions. The behavioral/dynamic aspect of a DAM is often overlooked by HL7 standard developers.  (page 48)

Quality Critera for a DAM

HDF 1.5, page 46-47:

The following bullet items describe the quality criteria to be applied to requirement specifications:

· Requirements specifications must be complete, correct, unambiguous, deterministic, testable, verifiable, traceable, and internally consistent.

· If complete, a requirements specification must specify all information needed to develop the static and dynamic logical and implementation models. It should not include unnecessary information. It must provide the detail necessary to develop the HL7 model specification. For example, a requirements specification “send prescription data to the pharmacy” is not complete. It does not address questions such as “What is the prescription data?” or “What is the pharmacy supposed to do with it?”

· If correct, the requirements specification must correctly specify the conditions and limitations that will be encountered in building the model. Building on the earlier pharmacy example, how should the model behave if the prescribed medication is not available in the pharmacy?

· An unambiguous requirements specification leaves no room for doubt. Data that is exchanged or stored needs to be clearly defined. Message elements that are not well defined inevitably lead to interoperability issues.

· A testable requirements specification is one where each requirement can be examined once the HL7 model is complete to determine if the model does indeed fulfill the requirement. As such, requirements need to be specified in an objective fashion. Using UML to represent the requirements for the static and dynamic models helps eliminate issues like these. 

· A requirements specification is consistent as one examines the transitions from lesser to greater detail.

· A traceable requirement is one that can be traced backwards and forward through the requirements documentation process.

· Requirements must be internally consistent. One requirement must not conflict with another.
General Guideline for a DAM (From CIC DAM)
The HL7 Service Aware Interoperability Framework (SAIF) has defined the Enterprise Conformance and Compliance Framework (ECCF) specification stack as a tool for organizing the products developed by HL7 work groups.
  The rows of the specification stack  (“The specification stack (SS) is a 3-row by 4-column matrix that represents a collection of artifacts, which collectively and unambiguously defines the subject of the collection.”
) are particularly relevant to DAM construction.  The rows identify the following levels of abstraction:

· Conceptual level (CIM): also known as a business domain model. A model that uses a vocabulary that is familiar to the subject matter experts (SMEs).  A model in which the “computational details” are either hidden or undetermined

· Logical level (PIM): A model of a software or business system that is independent of the specific technological platform used to implement it.  A model in which a system is defined independently of a platform in which it could be implemented.

· Implementation level (PSM)
:  A model of a software or business system that is linked to a specific technological platform, language, operating system or database.  A model in which the specific details needed to define implementation within the context of a particular platform are included.

As a general statement, the evolving HL7 architecture calls for (will call for), the content to be included in a specification to be developed on the conceptual (CIM ) level before being published as an HL7 product – usually as a logical level (PIM) artifact.  The actual implementation of the data exchange by users of HL7 specifications involves the creation of Implementation level (PSM) items.  

A DAM is created at the conceptual level.  It is a business domain model.  However, when a DAM is being created it is quite possible for HL7 to have already created specifications – logical level (PIM).  For example, a DAM that included the concept of laboratory observations would be occupying the same functional area as the Laboratory Observation specifications created in both Version 2 and Version 3.  When a DAM is being created it is important to determine whether HL7 has already created specifications within the relevant functional area.  If so, those specifications should be examined to determine the functional requirements they are based on.  The constructed DAM should end up being consistent with balloted specifications that exist within a given functional area.  If the Work Group developing the DAM feels it has uncovered errors in the existing specification, these should be specifically noted.  This requirement is consistent with the general rule that, by preference, new HL7 specifications should refer to a DAM within the relevant functional area, and those specifications should be created by mapping that DAM to a form based on HL7’s Reference Information Model (RIM). (CIC DAM, pages 6-7)
Issues
· Do we need a state model? See CIC DAM, page 39

List of deliverables
· Business Requirements, Scope and Vision

· Standards context

· Storyboards and Use Cases
· Process Flow

· Domain Glossary

· Information Model

· Business triggers and Rules

· Harmonization

Description of Deliverables
Business Requirements, Scope and Vision
· Mind Map (as brainstorming tool)

· Business and clinical context, overall need

· Definition of the topic (theme)
· Stakeholders and needs

· Overall description of processes: contents dynamic, interchange
· Interrelationships with other processes

· Scope (in and out)
· Business objectives and outcomes

· Vision Statement
Standards context
Storyboards and Use Cases

· Storyboards (user stories) (one or more to cover the range of situations relevant to the domain)
A storyboard is a narrative that describes a representative scenario that illustrates the problem or requirement as well as identifying the interchange of information and the various actors involved. (HDF 1.5, p. 38)
· Interoperability Use cases (see Appendix 1)
A use case identifies: Actors participating in the use case; Pre-conditions; Flow of events; Post-conditions; Derived events/interactions. Activity, Sequence, and/or State diagrams can be used to further elaborate the use case analysis. (HDF 1.5, page 40)

· Actors

· Messaging Scenarios

A use case scenario illustrates a single instance of the flow through a use case. It typically does not include any options. You may rely on additional scenario to describe various options. (HDF, p. 41)
Process Flow

· Activity Diagram (see Appendix 2)
The process flow represents a dynamic view of end-user and system interactions and is often the best way to represent the interactions between systems, derive the application roles, and trigger events. Process flows rely on UML Activity and/or Sequence Diagrams to represent the sequence of user-to-system and system-to-system actions required for specific business processes.

An Activity Diagram identifies a sequence of steps and the information that is transferred from one participating role/actor to another. Sometimes called a "Swim-Lane Diagram", the diagram represents the flow of control and helps identify when information is required to be transmitted to achieve the objectives of the storyboard. These diagrams use UML 2.x notation to represent actions, activities, decisions, control, and information flows between users and systems. An activity diagram is also a variation of state machine in which the states represent the performance of actions or sub-activities, and the transitions are triggered by the completion of the actions or sub-activities. Therefore, it represents the state machine of a procedure itself. (HDF, p. 51)
Essentially, the activity model covers the same ground as a flow diagram, however, UML adds features that allow for a more precise representation.     We do expect that clinical groups will come up with the flow of the patient.  The model developer needs to understand the content of the activity being examined.... Creation of the activity model is a central feature of DAM construction. When the activity model is constructed, it is best for its content to be integrated with the content of the other DAM constituents: The actors which appear in the use case, are represented as swim lanes; Data objects in the activity model link to the content of the information model. (CIC DAM, page 25)
· Information exchange
A Sequence Diagram is used to represent the flow of messages, events and actions between the systems or components of a system. Time is represented in the vertical direction while the sequence of interactions of the header elements are displayed horizontally. Sequence diagrams are used primarily to document and validate the architecture, interfaces, and logic of various system scenarios by describing their action sequences. Sequence diagrams provide a dynamic view of the system behavior which can be difficult to extract from static diagrams or specifications. Although sequence diagrams are typically used to describe object-oriented software systems, they are also extremely useful as system architecture engineering tools, as process flow diagrams in business process engineering, and as message sequence charts and call flows for system design and analysis. (HDF, p. 51)
· Functional requirements: how we expect the system to support the above.

Domain Glossary
· Glossary of terms: includes reference to reliable and credible sources

The Glossary focuses on the business objects of interest and their attributes. Some of the concepts in the glossary may also appear as classes or attributes in the information model:

· The Glossary uses business-specific names and references with unambiguous definitions provided by the SMEs and analysts.

· Element definitions must be understood by the SMEs and any end users.

· To jump-start the modeling process, it's sometimes helpful to think of the events, the relevant parties (persons and organization), places, and items that participate or are used in those events, and how they participate in those events. Consider as well any "catalogs" of events and items. 

· The objects that appear in the activity diagram are a primary source for this analysis artifact.

· Some data objects will have been identified in the business requirements.

It is generally most beneficial to go for breadth first and depth later. 
Review definitions from glossaries of other standards development organizations, industry consortium, dictionaries, etc. whenever feasible. HL7 encourages collaboration with these third-party organizations and respects their intellectual property. Always reference the original source in the definition. (HDF, P. 50)
Information Model
· Data elements 

This section provides more detail on the data element list.  It discusses the elements of the list, and the process for managing it.  Note the ISO 1179 Metadata Registry Standard contains additional relevant detail on this topic.

The list of data elements must contain data element names and descriptions.  It may contain an indication of element data types, and, for coded elements, a listing of allowable code values.  There is no diagrammatic representation for the data element list. (CIC DAM, p. 17)
· Information shared
· Value sets

· Class diagram (see Appendix 3)
The UML-based information model contains classes, attributes,  associations, and packages  required to describe the information shared by systems in order to support the business requirements for a standard specification. Local value sets may be expressed as classes called enumerations and assigned to coded attributes. The information model is not the actual specification of payload structures as it does not include the order of the data items in the message, the exact formats of the individual data items, the exact location of the data items within the message, and it might not include the exact data types of the data items in the message. Rather, it’s an analysis of the information required to support the underlying requirements expressed in a way in which SMEs can relate to the information, semantics, and structure. This model is not an HL7 static/information model but instead an element of the DAM. It describes the information exchanged to support a project's requirements (for a project intended to produce interoperability standards). (HDF, pp. 50-51)
Business Triggers and Rules

Business rules may be described using a variety of dynamic views (business process diagrams, activity diagrams), narrative text, or constraint language statements (e.g. OCL) based on the DAM. These business rules may be used to apply additional constraints to the information exchanged or processing rules. (HDF, p. 52)
· Integration preconditions

· Data Objects Life Cycles

Harmonization
· RIM harmonization
· Other domains: CS, CP, PC, etc.

Requirements Analysis Overview

From HDF example, page 96.
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Appendix 1.- Use case explanations (CIC DAM, section 7.3, pages 20-24)

Use Cases

This section provides more detail on a use case.  It discusses the elements of a use case diagram, and the process for managing it.  A use case diagram consists of use cases, the relationships between use cases, and the actors that participate in the use case.  The use case itself has a name and a description that includes the relevant sequence of events.

Use Case Diagram

A use case diagram shows the responsibilities of a system and the roles that are involved in interacting with the system to achieve a result.  The formal definition notes:

“A use case diagram shows a set of use cases and actors (a special kind of class) and their relationships.  You apply use case diagrams to illustrate the static use case view of a system.  Use case diagrams are especially important in organizing and modeling the behaviors of a system.”

A use case describes a set of action sequences – typically a normal sequence and the significant variants – that are performed by a system and that yield an outcome that provides value to an actor.

A use case can be either composite or leaf.  If it is a composite, it is an aggregate of one or more use cases.  A leaf use case must have an associated primary participant actor.  If desired, the actors for leaf use cases may be shown on a composite use case.

The construction of use cases is a good way to start a DAM, since use case diagrams provide a good way to define the scope of the model.  When the functional orientation of the model is important (almost always), it will then be useful to amplify and explain the content of the use case through development of an activity model – this becomes almost a graphic depiction of the storyboard.

Diagram Example

The diagram below shows a toy use case diagram.  The goal is to expose the different components of the model in a familiar case.  Please note that the model, while having familiar components, is not warranted to be accurate, that is not its purpose.
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Figure 3. Sample Use Case Diagram
A use case model includes use cases, actors, and the relationships between them.  The primary goal of the diagram is to show, at a high level, the scope of a project, the major activities within that scope, and the types of party who are involved. In this diagram, the actor participation with the arrow head indicates the party which initiates the use case.

Use Case

A use case describes a process that leads to an outcome providing value to an actor.  On the diagram, the use case appears as an oval.
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Figure 4: Use Case

Use cases are documented with:

· Name:  A descriptive name for the use case.

· Description.  The use case description describes the action sequence or sequences that make up the use case.  It must include the normal sequence at least.  It may also include one or more variant sequences.  For each sequence, its outcome should be described, and the series of steps leading up to it should be included as well.  The description does not appear on the diagram.

Actor

An actor indicates a role (or, in some cases, a participation) played by an entity – most typically a person or organization (it could also be a device) – that takes part and/or gets value from the use case.  On the diagram, the actor appears as the stick figure of a person.

Figure 5: Actor
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· Name: A descriptive name for the actor.

· Description: A text description of the actor.  The description does not appear on the diagram.

Associative Elements

Actor Participation

This is an indication of the actor’s participation in a use case.  It is important to note whether the actor is the primary participant or a secondary participant in the use case.  The primary participant is the actor that initiates the use case.  The primary actor of a leaf level use case is the actor that initiates the use case.  On the diagram, the participation appears as a line drawn between the actor and the use case:
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Figure 6: Actor Primary Participation
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Figure 7: Actor Secondary Participation

The primary participation is indicated by providing an arrowhead where the association connects with the use case.
  A leaf level use case has one and only one primary participant.

Use Case Association

It is an indication of the relationship between a pair of use cases.  A use case association is a relationship between two use cases; a source and target use case.  Three kinds of relationships between use cases have been identified:

Generalization: A generalization association is used when the source use case is special case of the more general target use case.  In a diagram, it appears as – 
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Figure 8: Generalization Association

Include: An include association is used when the target use case is an unconditionally executed set of actions that form a meaningful sub-component of a larger source use case.  In a diagram, it appears as –
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Figure 9: Include Association

Extend: An extend association is used when the source use case is a conditionally executed set of actions that form a meaningful sub-component of a larger target use case. In a diagram, it appears as –
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Figure 10: Extend Association

In the examples shown here:

·  The process of creating a messaging specification is a special case of that of creating an HL7 specification. There are other kinds of specifications that could be created, e.g., document definition, functional model, service definition.

·  Creation of any and all HL7 specifications has to include the development of a project scope statement, and its review by the Technical Steering Committee.

· Some HL7 specifications are balloted, others remain internal or informative.

Appendix 2.- Activity Model (from CIC DAM, section 7.4, pages 24-29)
An activity diagram is used to show the different activities that need to be carried out to accomplish the goals of a system (or higher level activity).  It also shows the organization and sequencing of those activities.  More formally, it is defined as:

“A diagram that shows the flow from activity to activity; activity diagrams address the dynamic view of a system.  A special case of a state diagram in which all or most of the states are activity states and in which all or most of the transitions are triggered by completion of the activities in the source states.” (The Unified Modeling Language User Guide, P. 457)

Within the clinical models, the activity diagram shows the various activities that are carried out to provide a diagnosis, or to treat a disease.

Activities within the model must be named and have descriptions.  The different roles that carry out activities are identified as swim lanes.  The activity diagram illustrates the sequence of activities and the points of decision at which alternate work flows may be followed.
One question that is raised is whether there is a difference between an activity model and the traditional flow diagram.  Essentially, the activity model covers the same ground as a flow diagram, however, UML adds features that allow for a more precise representation.     We do expect that clinical groups will come up with the flow of the patient.  The model developer needs to understand the content of the activity being examined.  

Creation of the activity model is a central feature of DAM construction. When the activity model is constructed, it is best for its content to be integrated with the content of the other DAM constituents: The actors which appear in the use case, are represented as swim lanes; Data objects in the activity model link to the content of the information model. Diagram Example
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Figure 11: Sample Activity Diagram
An activity model includes activities, and it shows the control flow between these activities.  It may also show object flows, and document the triggering or recognition of events.  The activities may be organized into swim lanes.  These notions are further described below.

Activity

An activity describes a task that needs to be done.  To put it another way, an activity “is an ongoing non-anatomic execution within a state machine” (The Unified Modeling Language User Guide, P. 259).  

On a diagram, an activity appears as a rectangle with rounded edges.
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Figure 12: Activity

Activities are documented with:

· Name: A text name for the activity.  Note, an activity can either be a composite or a leaf in the structure.  There is a naming convention that is used to distinguish the two. A composite activity will have a name that is formed by a noun followed by a very, e.g., Manage Procedure, while a leaf activity will have a name that is formed using a verb followed by a noun, e.g., administer anesthesia.

· Description: A text description of the activity.  The description should characterize the activity, and, if it is not a simple unitary thing, should indicate the various steps that make it up.  It is not shown on a diagram.  Note, the name of the party which is responsible for the activity, the actor, is not shown in the use case, it can be grasped from the swim lane the activity sits in.  

· Guards: If there is more than one control flow exiting an activity, the Guard, i.e., “SUBSTANTIVE CHANGE” shown above, indicates the conditions under which that particular control flow is used to transition to the next activity.

Swim Lane

Swim lanes make it possible to partition the activities into groups; each group represents the organization (actor) responsible for those activities.  

In Enterprise Architect, a swim lane can be linked to an instance classifier – this allows you to trace swim lane back to an actor in a use case.

On a diagram, swim lanes are shown by vertically partitioning the diagram into different areas, each is a swim lane.
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Figure 13: Swim Lane

Swim lanes are documented with:

· Name: A text name for the swim lane.  It identifies the actor responsible for the included activities.

Information Object

On occasion, within an activity model, we need to represent an exchange between parties, in other words, across swim lanes.  The information object represents data that needs to flow from one party to another in order to accomplish the use case being modeled.  Given that HL7 specifications are largely oriented around information exchange, the information objects within the activity diagrams are especially interesting and important.
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Figure 14: Information Object

Information objects are documented with:

· Name: A text name for the information object.  It provides some information with regard to the content of the contained information.  Later, it will be important to make clear how the content of the object is represented within the information model.

Associative Elements

The activities within the model are associated by directed associations known as flows.  A flow is a transition inbound to or outbound from an activity.  A flow may be a control flow or an information flow.

Control Flow

A control flow indicates the link between two activities.  It always has both a source and destination activity.

A control flow indicates the sequencing of activities, and of decisions.  When you review an activity diagram, it is common to trace the sequence of activities, and the consequences of decisions by following the control flows.  

On a diagram, control flows are shown as arrows, with the arrowhead connecting to the destination activity, and the arrow foot connecting to the originating activity.
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Figure 15: Control Flow

A control flow may have a guard (a predicate statement which can be evaluated as true or false).  A guarded control flow can only be traversed if the associated guard predicate statement is true.

Information Flow

An information flow is a connection between an activity and an information flow object.  A source activity’s outbound information flow always has a destination information flow object.  A destination activity’s inbound information flow always has a source information flow object.
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Figure 16: Information Flow

The information flow has text that indicates whether it is an outbound flow – from an activity, or an inbound flow – from an activity.

Control Elements

These are items included in the diagram to improve its overall coherence.

Fork/Join

In some cases, it is useful to provide some control over the sequencing of control flows.  In particular, to indicate that multiple control flows are either generated or processed at the same time.  (This structure is also known as a synchronization bar.)  Forks are used to split an outgoing flow into multiple flows leading to different activities.  The point of the structure is to note that each receiving activity will be initiated as a result of a single outcome from the originating activity.  Conversely, a join merges multiple flows into a single flow leading to a single activity.  The goal here is to make it clear when that the receiving activity starts it will make use of the result of all of the control flows from activities that took place.  

On a diagram a fork/join is indicated by a heavy horizontal or vertical bar to which control flows are linked.
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Figure 17: Fork/Join

Fork/Joins have no particular associated documentation.

Process Initiation

Any activity needs to have a beginning.  For the activity modeled within an activity diagram, this is signified by a process initiation.  This is shown on a diagram as a filled in circle
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Figure 18: Process Initiation
Process Termination

The termination of the activity modeled by the diagram is shown by a process termination symbol.  Sometimes it may have multiple ways of terminating.  This is shown on the diagram as an empty circle with a dot in the middle.  
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Figure 19: Process Termination
An activity diagram may also have a symbol known as a “flow final”.  It resembles the Activity Final except it has an X through it. It is used to indicate an intermediate termination to the activity flow.
Appendix 3.- Class Model (CIC DAM, section 7.5, pages 29-38)
Class Model

This section provides more detail on the class model.  It discusses the elements of the model, and the process for managing it.  The class model consists of attributes organized into classes, which are linked by associations, and categorized within folders.  (Note, the content of the model is described extensively elsewhere.)

A class model is used to organize and define the static information that is relevant for a given system or activity.   The formal definition states: 

 “A diagram that shows a set of classes, interfaces, and collaborations and their relationships; class diagrams address the static design view of a system.” 

It is important to note that there are different perspectives from which a class model may be developed.  One perspective is that of a conceptual model.  In such a model 

“you draw a diagram that represents the concepts in the domain under study.   These concepts will naturally relate to the classes that implement them, but there is often no direct mapping.  Indeed, a conceptual model should be drawn with little or no regard for the software that might implement it, so it can be considered language independent.”

A conceptual model can be contrasted to a specifications model that defines the interfaces for software that will implement a system, or to an implementation model that shows the design of an object oriented software application.  It is important to keep in mind that the clinical domain analysis models are conceptual models.

Diagram Example

The diagram below shows a toy class model.  The goal is to expose the different components of the model in a familiar case (Please note that the model, while having familiar components, is not warranted to be accurate, that is not its purpose.  In fact, it is not at all complete.)
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Figure 20. Sample Class Model

It is important to note that this data structure – HL7 Specification – also appears within the activity model.

Package

A package is used to organize a model into subsections.  Within the clinical domain analysis models, we normally provide a single diagram for each package, although a given diagram may contain classes from different packages.  More formally, a package is defined as: “A general-purpose mechanism for organizing elements into groups.” (The Unified Modeling Language User Guide, P. 464).  

Within a class diagram, the name of a class may be preceded by the name of its package, with “::” separating the two.  Note that, within Enterprise Architect, both diagrams and classes may be placed in a specified package.  When a class from another package is shown in a diagram, the package designation is included, but when both class and diagram are within the same package this label is omitted.  

Packages are documented with a symbol resembling a file folder.  Within Enterprise Architect, when you include a package on a diagram, the names of the included classes are listed within the package symbol.
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Figure 21: Package

Packages are documented with:

· A text name for the package
.  

· Description: It may be useful to provide a description of the package.  The description ought to characterize the package, and provide the criteria for including classes in a particular package.  The description is not shown on diagrams.

Class

A class is used to indicate some thing or concept that is important within the context of the problem space being modeled.  More formally: 

“A class is an abstraction of things or concepts that are subjects of interest in a given application domain. All things or concepts subsumed under a class have the same properties and are subject to and conform to the same rules. Classes are the people, places, roles, things, and events about which information is kept.” (HL7 Version 3 Ballot Package, Version 3 Guide.)

Classes within the model are used to indicate the kinds of objects that are relevant.  In some cases, a class will be created specifically to highlight the relationship between two concepts or things.  For example, an address class may be created to show how a person can have multiple addresses.

Within a class diagram, classes are represented using a rectangle with two horizontal lines through it.  The lines divide the class into three areas.  The topmost area contains the name of the class, the middle one has the names of the attributes, and the bottom one contains methods or operations that can be performed on the class.   Note, we have not documented methods within the clinical domain analysis models, and, as a result, the Enterprise Architect tool is not showing the lower section of the class that would indicate its methods.
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Figure 22: Class

Classes are documented with:

· Name: A text name for the class
.

· Description: A text description that provides information about the class
.

· Attribute List: A listing of the attributes belonging to the class.

Attribute

An attribute describes a particular property of a class, it indicates a particular item of information that will be valued for an instance of the class
.  Formally an attribute is defined as: “a named property of a classifier that describes a range of values that instances of the property may hold” (The Unified Modeling Language User Guide, P. 458).  

Within a class diagram, attribute names are shown within the class they belong to.  The attributes are included in the middle section of the class representation as text entries that show the attribute name, and the assigned data type.
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Figure 23: Attribute

Attributes are documented with: 

· Name: A text name for the attribute

· Description: A text description that provides information about the attribute
 and provides relevant other information.

· Data type: A value that indicates the structural characteristics of the attribute.  E.g., text, integer.  The class model must include a list of valid data types for the model.  It is recommended that data type values be drawn from the HL7 Abstract Data Type specification.

· Multiplicity: An indication of whether or not an attribute may repeat.  This feature is supported in Enterprise Architect and uses the same multiplicity (cardinality) indicators as are used for associations – see below for details. However, for models that will be imported into caDSR, this feature should not be used.

· Vocabulary Designation:  A way of indicating the list of allowable values (vocabulary) that an instance value is drawn from.  This notion is only relevant for coded attributes. It is not shown on diagrams.  In the clinical Domain Analysis models, we are implementing this concept using the Tagged Value feature supported by the Enterprise Architect tool.

Currently there is consideration of including a “data element mapping” or “alternate attribute name” as a property of the attribute. This would be an indication of a source that the attribute is associated with, and would show the name of the associated attribute in the data element list. In the Tuberculosis Domain Analysis Model, this constraint documents the relationship between model attributes and the spreadsheet that was developed by the Tuberculosis Stakeholders Group.  This feature is still under discussion, and it is not clear how to document it so that it will be included in the model import into caDSR.

One approach is to only include those enumerations that are needed to support the structure of the model

Data Type Specification

The list of valid data types is used to provide context for the data types assigned to attributes within the model.  When a DAM is mapped to the HL7 RIM to support development of HL7 specifications, it will be important to show how the data types used in the DAM relate to those more widely used in HL7.   In fact, the data type specification that HL7 has produced is broadly based and used beyond the boundaries of HL7.  The HL7 Version 3 Data Types Release 2 specification is being used in the BRIDG model, and those data types are supported by NCI’s caDSR.  Therefore, we recommend that RAM developers make use of the data types already developed by HL7.  If additional or different types are used, these must be documented within the body of DAM class model.

This list is required for the class model component of the DAM.  However, if a set of HL7 data types is used, a reference to the relevant documentation can be substituted.

A data type specification needs to include the following”

· Name: A text name for the data type.

· Description: A text description of the data type.  

· Structure Definition: If the data type is a composite type; if it includes distinct parts, the type used for each must be defined in the data type specification.

Vocabulary Constraint

The notion that there is a valid range of values for instances is important, and this is shown in two ways.  The first is through the data type which provides a general constraint on values, e.g., integers only, dates or date/time representations.  The second way is the use of vocabulary constraints.  That is through defining a set of values or a vocabulary that values of the attribute must be drawn from.  E.g., gender code, diagnosis code.  

HL7 vocabulary principles include the notion of “coding strength”.  This is a property that is assigned to a coded element to indicate whether or not a code set can be expanded to meet local implementation needs.  That is, is it allowable to add concepts that go beyond the list already provided.  So far, within the clinical DAMs already produced, this notion has been addressed by adding an additional data element to allow a text entry of items that are not included within the existing code set.

Within clinical domain analysis models, we are linking each coded attribute with a class in a special package named Value Sets.  Each class in this package represents an allowable set of codes, and each valid code is represented as an attribute within the class.  We use the stereotype “enumeration” to indicate this is a special type of class.  This usage follows the development style mandated by the Cancer Data Standards Repository (caDSR). 

The discussion of how to meet caDSR requirements may need to change based on recent suggestions that have been made to NCI.

Associative Elements

These are elements of the model that define the relationship between model elements.  

Note, within a class model, all classes must be contained within at least one folder.  In addition, each attribute is contained within a class. 

There are three types of associative element that are discussed below:

· Association

· Generalization

· Aggregation

The following characteristics can be asserted for an associative element.

· Multiplicity: A symbolic or numeric indication of the number of class instances at one end of the association that can be associated with a single instance on the other end.  Note, when a recursive association is being created – one that links one instance of a class with another instance of the same class – the association must be optional for both instances.  Otherwise, a boundless hierarchical structure is implied.

· Assertion: The association needs to include text statements of the multiplicity that is being specified between the classes that are being linked.  The statement should follow the pattern: “Class A is associated with X to Y instances of class B.  Class B is associated with X to Y instances of class B.  “X” and “Y” may be integers, but usually take the values “zero”, “one”, “many”.

· Label: The label for an association is a text tag that asserts the meaning of the relationship between the two classes.

· Role Name: Role names are attached to the ends of the relationships – where they indicate the classes that are being linked.  A role name is used as needed to indicate the role played by the class in the context of the relationship.

For class models that are to be imported into caDSR, the role naming standards of caDSR need to be recognized.  In such models, if there is at most one instance of the class in the association – multiplicity is 0..1 or 1..1, then the role name is simply the name of the linked class or the name of the class and an associated role qualifier.  However, if there can be more than one instance of the class, - multiplicity is 0..* or 1..*, then the role name has to end with the word “collection”.  For these models, all relationships have to include role names at each end of the relationship.

Association

An association captures the relationships between instances of classes.  

Within a class diagram, associations are show as a line connecting two classes:

[image: image23.jpg]class CE_Information Modsl

HLT Specifioation

HL7 Specification
[ "7 spesication
uthor
Intsraction
Ballotstatuscods 5
o [ Itroduction
5] MessageDafiition
5] stovboard

rom rfomation Aodel)

Messagebinition

ReterenceinfomationMsdelBinding This model s radical
iz modal i radically

incomplete. For one
thing, there ought

1 1 1 to be additions!
specializations of HLT
. Specifcation, e
1 1 1 document, senice,
functional model.
ntroduction Storyboard Tinracion
TexContent Content RetenTo g
Title = 1. Raceivermote
Senderols





Figure 24: Association

Associations are documented with:

·  Multiplicities (aka cardinality): These show the ways in which instances can participate in relationships with each other.  Multiplicity is indicated by a symbol on each end of the association, where it joins to an associated class.  It shows whether any valid instance of a class has to have an association, and whether there can be more than one.  The multiplicity of an association for a class is evaluated by looking at the multiplicity on the far end of the association.  For example, in the snippet above, a household has zero to many automobiles.  An automobile must be associated with a single household.  Multiplicity is shown on diagrams.  The multiplicity symbols should be read as followed:

· 1 (aka 1..1): one and only one. All instances of the class must have the association.

· 0..1: zero to one.  No instance of the class can have more than one of the association, but it may not have any.

· 1..*: one to may.  All instances of the class must have at least one of the associations, but it may have more.

· 0..*: zero to many.  An instance of the class may have as many or few associations as desired

·  Role Names: Generically, within the UML, role is associated with the link between an association and its class (so there are two of them).  The formal description states that a role is “the behavior of an entity participating in a particular context.”
  Role names are shown on diagrams.

· Association Label: It provides a description of the semantic content of the association.  That is to say, it characterizes the reason for identifying this association between two classes.  On the diagram, it appears as a text tag centrally located  along the association.

Generalization Relationship

The generalization relationship (aka generalization/specialization) is used to indicate that one class is a more specialized version of another.  Conceptually, it indicates that any instance of the specialized class is, by definition, an instance of its generalization.  It is relevant to note that, if you consider an instance of the specialized class, e.g. single person household, it will have the attributes and associations proper to its generalization as well as those shown for its class.

Within a class diagram, generalizations are show as a line with an arrowhead that points to the more general class.
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Figure 25: Generalization

There is no particular documentation associated with a generalization.

Aggregation Relationship

The aggregation association captures the relationship between a whole and a related part.  It is essentially a beefed up association with some additional semantics. It indicates that instances of one class are contained within the instances of the associated class.

Within a class diagram, aggregations are show as a line with an empty diamond shaped head that points to the class representing the whole, or containing object.
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Figure 26: Aggregation
Aggregation Relationships are documented with:

· Multiplicities: These operate the same way as do multiplicities for associations, and are shown on diagrams.

�








�  HL7 Services-Aware Interoperability Framework (SAIF) Enterprise Conformance and Compliance Framework, March 12, 2010 Peer Review Draft, Page 10-11


� Ibid.  Page 10


�  The acronyms are expanded as follows: CIM – Computationally Independent Model,  PIM – Platform Independent Model, PSM – Platform Specific Model.  Definitions are drawn from HL7 Service-Aware Interoperability Framework, released January 19, 2011 (Page 27), and from MDA Guide Version 1.0.1, Object Management Group, 2003.


� The Unified Modeling Language User Guide, P. 97


� Within the Enterprise Architect tool, the arrowhead is provided by adding navigability to the association between the use case and the actor.


� The Unified Modeling Language User Guide, P. 259


� UML Distilled, Page 55


� Refer to the BRIDG Information Model Style Guide for a discussion on naming conventions.


� Refer to the BRIDG Information Model Style Guide for a discussion on naming conventions.


� Refer to the BRIDG Information Model Style Guide for a discussion on the characteristics of a good description for a class.


� Refer to the BRIDG Information Model Style Guide for a discussion on naming conventions.


� Refer to the BRIDG Information Model Style Guide for a discussion on the characteristics of a good description for an attribute.





� . Grahame Grieve has produced a UML data types EA model which can be imported.





� . The Unified Modeling Language User Guide, P. 466.


� . However, in the clinical domain analysis models, role names echo the names of the associated class, and, if the association allows multiple instances of the class the class name has “collection” as a suffix.  This usage follows the development style mandated by the Cancer Data Standards Repository (caDSR).  


� . Note, within the UML, you will also see the notion of composition.  That is a more constrained form of aggregation in which the contained item cannot exist independently of its container.
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