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1 Introduction

The National Cancer Institute’s (NCI) Cancer Electronic Health Record, or “caBIG”, project will develop service specifications that will work in concert with existing EHR systems to address   the unique requirements of the ambulatory oncology community and addresses, in particular, the need for that community to work effectively within the broader research and oncology care environments. 

This Requirements Test document describes the methods and tools to be used to confirm: requirements traceability, analysis artifact quality assurance review, analysis artifact quality assurance review, and proof of requirements linkage to System and User Acceptance Testing as required for the Quality Assurance aspects of the caBIG® project.

This version of the document outlines the state of the Requirements Test Plan as of the end of Release 2 of the caBIG® Clinical Information Suite Project. It will be further updated in Release 3.

1.1 Requirements Test Approach
Requirements provide complete description of the behavior of the system to be developed. The definition of a system begins with a set of use cases that describe all the interactions the users will have with the software. Use cases are used to define the functional requirements. In addition to use cases, “requirements” includes non-functional (or supplementary) requirements. Non-functional requirements are requirements, which impose constraints on the design or implementation (such as performance engineering requirements, quality standards, or design constraints).  Non-functional requirements can also be referred to as Quality Requirements.  The caBIG Quality Requirements Plan document provides a high level description of caBIG project non-functional requirements.
1.1.1 High Level Traceability
The organization and structure of caBIG artifacts for traceability should address the caBIG requirement for publication of these artifacts into topics of relevance for the broad community of stakeholders. An enumerated list of "Business Capabilities" will be the root of that organization. This list will enable tracing to more detailed analytical, specification and software artifacts, while allowing forward planning and engagement.
Modest traceability between the specifications and the Ambulatory Oncology EHR Functional Profile will also need to be established to be able to support coverage verification. The extent to which the functional profile does or does not become the traceability path to the Clinical Oncology Requirements for an EHR (CORE) or St. Joseph's of Orange requirements needs to be determined. 

1.1.2 Use Case to Test Case Traceability
The use of requirements for the development of a caBIG system from the beginning to the end of the project implementation can be refined as follows:

· Use Cases (UC) verified by Domain Experts (DE),

· Conceptual Functional Service Specifications (CFSS) based on the Use Cases,

· Platform Independent Model (PIM) specifications

· Test cases designed to test specific requirements

Illustrating a clear path of a requirement from UC to CFSS to PIM to Test case is referred to as “requirements traceability”.

1.2 Relationship to Other Documents/Plans
The following caBIG artifacts are relevant to the creation of this document:

	Artifact Log #
	Artifact Name
	caBIG Team
	RFP Deliverable Reference
	Key inputs / Dependencies
	Expected Content

	12
	Scope & Vision - Project
	Analysis
	
	
	Overall project and business capability scope

	20
	Quality Requirements Plan
	Analysis
	Software Requirements Specification
	Deployment Scenarios, Stakeholder input, Product Owner
	Reliability, performance capacity, security, extensibility/configurability, industry standards and conformance, client deployment, auditing, data integrity, usability, supportability and general principles (e.g., ROI)

	
	Analysis Management Plan
	Analysis
	
	Quality Requirements Plan
	Detailed requirements capture process

	21
	Conceptual Functional Services Specification (CFSS)
	Arch
	TIRA
	BAM, Use Cases, DAM
	Description, Scope, Justification, Structure of Service, Context, Operations, Functional and Semantic Profiles, System Iterations, Conformance and Compliance Statements, Relevant Standards

	35
	Service PIM
	Arch
	
	Conceptual Service Specification, Relevant Information Models, BAM, Use Cases, DAM
	Relationship to CFSS, Information Model, Data Type Definitions, Operations, Profiles, Behavior/Dynamic Model, Conformance Statements, References, and Glossary

	76
	Master Test Plan
	QA
	Test plan document
	Scope/Vision, SAD
	Overall Quality Assurance test plan

	77
	Component Test Plans
	QA
	Test plan document
	Iteration plan, Sprint plan, Sprint req’s
	Test plan for the sprint level requirements

	81
	System Test Plan
	QA
	Test plan document
	Scope/Vision, SAD, Release Plan
	Test plan for the entire system, its components and interactions

	90
	Deployment Scenario x Test Plan
	QA
	Test plan document
	Deployment Scenario x use cases
	Test plan to verify deployment scenario, environment req’s & deployment


For initial, high-level context, the reader is directed to the caBIG Master QA Plan document (artifact log #76), which describes testing terminology definitions and overall scope and approach to Quality Assurance on the project.

1.3 Scope
1.3.1 In Scope

The Requirements Test scope includes the following:
· Tracing of requirements from Domain Expert specification through to User Acceptance of the deployed software.

· Iteration-by-iteration review of the Analysis Team’s artifact delivery handed off at the end of each project iteration.

1.3.2 Out of Scope

Considered beyond the scope of the caBIG Requirements Test Plan:

· The scope is restricted to requirements traceability.

· Domain Analysis Model level traceability of attributes is part of the Component Test portion of verification.

· Compliance activities, as defined in the Master QA Plan.

1.4 Roles and Responsibilities
The following teams have roles associated with component testing:

1.4.1 Analysis DSL/Stream

Responsible for:

· Develop Use cases and requirements in collaboration with the Adopters.  This forms the basis for test case development.
· Hand-off of analysis artifacts at the end of each iteration, including:

· Iteration delivery Release Notes

· Iteration delivery Manifest

· Iteration delivery Enterprise Architect modeling components

· Iteration delivery Word document based components (narratives, scoping documents, etc.)
· Evaluate and approve implementation of the requirements management tool.
1.4.2 Architecture DSL/Stream

Responsible for:

· CFSS – Conceptual Functional Service Specification

· PIM – Platform Independent Model

· PSM – Platform Specific Model

· Ensure requirements flow from CFSS to PIM to PSM

· Identification of Non-functional requirements

1.4.3 Development DSL/Stream
Responsible for:

· SAD – Software Architecture Document

· PSM – Platform Specific Model
· Develop the system/application

1.4.4 QA DSL/Stream

Responsible for:

· Develop the Requirements Test Plan

· Ensure requirements are linked to test cases and defects
· Create the Requirements Traceability Report
1.4.5 Continuous Delivery Operations (CDO) Stream

Responsible for:

· Support of the Continuous Delivery environment

1.5 Assumptions
Assumptions directly relating to the Requirements Test Plan:

Tooling to support requirements traceability is under evaluation and installation.  It is assumed the planned toolset will be successfully implemented.
2 Requirements Test

This section describes the key aspects of caBIG Requirements verification to ensure the specified requirements are reflected in the completed services.

2.1  Requirements Test Artifacts

Requirements Test will produce two key artifacts:

	Artifact #
	Artifact Name
	RFP Deliverable Reference
	Key inputs / Dependencies
	Expected Content

	96
	Requirements Test Plan
	Test plan document
	Functional requirements, Non-functional requirements
	This document

	97
	Requirements Test Report
	System test report
	System tests
	Report potion of requirements satisfied by Iteration build

	104
	Requirements Traceability Report
	System test report
	System tests, Requirements Test Report
	Release-based report indicating requirements included in release


2.2  Traceability

Traceability, initiated by the Analysis team has three degrees of granularity:

· Business capability,

· Requirements,

· Domain Assess Model level.

Business capability: The caBIG Scope and Vision document describes the business capabilities for the project.  Each of the business capabilities (listed in the next sub-section) will have a separate Capability Scope document (e.g., Outcomes Management Capability Scope document), which will need to be traced through to the Use Cases.

Requirements:  Functional and Non-functional Requirements will be found within Use Cases and a Requirements Matrix (e.g., for conformance statements and/or quality requirements).
· Functional Requirements – although these will be found in multiple artifacts, they will be identified in Enterprise Architect.
· Quality Requirements - considering that these may be referenced in multiple artifacts  - the authoritative source should be in the requirement management tool.  Use Cases will reference/link to the requirement.
Enterprise Architect Use Case diagrams will show the relationships between UCs and will have the following associated models:

· Activity Diagrams will be associated at specific levels of UCs
· Sequence Diagrams will be at the level 3 UC which show the interactions with the systems

· State Diagrams 

Track the following Use Case components:

· Pre/Post Conditions

· Triggers

· Business Rules

· Quality Requirements will be associated to a UC (by deployment scenario if applicable)

To Do - Review by Architecture: determine what the Architects use in the UC specification and supporting models for development of the Operations, Functional Profiles and Semantic Profiles 

Enterprise Conformance and Compliance Framework (ECCF) specifications: There is a need to trace ECCF specifications and it's individual sections to test cases in the QA Management tool. Examples are:

· Conformance statement to test case

· Assumptions to test cases

· Deployment considerations to test cases

· Non-functional requirements to test cases (potentially for performance testing purposes).

Note:  ECCF is the framework for describing/defining the conformance and compliance for a service-aware interoperability project such as ours – and it is the ECCF Implementation Guide that will dictate what the Enterprise will need to comply, conform, trace and certify for the project and any others that aim to reach the highest level of the Working Interoperability (through the use of service specifications and/or reference implementations).

To Do – work with A&A to better understand what is required for ECCF traceability. 

Domain Analysis Model level traceability: Beginning at the RMIM model through to PIM-level Information models.  Attribute level verification is part of component testing.

2.3  Analysis Artifact QA Review

At the end of each project iteration the Analysis Team creates a “tag” delivery of artifacts created during the iteration.  The Quality Assurance Team will perform a QA Review of the artifacts according to the following process:
· Identify the “type” of each artifact,

· Review the artifact with respect to the agreed upon review criteria

· Record the artifact as complete or raise a JIRA issue to report any deficiencies identified.
Generally there are two sets of artifacts delivered by the Analysis Team:

· Modeling components created in the Enterprise Architect modeling tool, and

· Word or Excel spreadsheet documents delivered separately from the EA components.

2.3.1 Enterprise Architect Modeling Artifacts

The diagram on the following page illustrates the EA related analysis artifacts.  A spreadsheet version of this diagram will be used to report the EA artifacts reviewed in each iteration. 
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An example link to EA artifacts for RC2 Iteration 2.1 is:

https://gforge.nci.nih.gov/svnroot/ent-services/trunk/caehr/models/html/ReleaseCycle2/RC2_Iteration2.1/index.htm 

Note: to function correctly this link must be accessed via the Internet Explorer web browser.

2.3.2 Document-based Analysis Artifacts

Examples of Word and Excel based analysis artifacts are:

· Scoping documents

· Use Case narratives

· Other non-modeling related deliverables such as meaningful use impacts.

An example link to documents published for RC2 Iteration 2.1 (including the Release Notes and Publishing Manifest) is:

https://gforge.nci.nih.gov/svnroot/ent-services/tags/caEHR/ReleaseCycle2/Iteration2.1/Analysis/ 

2.3.3 Analysis Artifacts Definition and Review Criteria

Note as of October 1, 2010 final review and agreement with the Analysis Team has not been completed for the review criteria listed in this section.
CIM.XML file Artifacts
CIM.XML file artifacts are divided into shared packages and topic specific.  The Analysis Team uses the term “topic” to refer to an area of analysis that will eventually be delivered as a service.

Shared Packages: (included with each release)

· nci.project.caehr.shared.actors.enterprise.cim.xml – This xml file contains the reference to a consolidated actors list which will be used in all packages for each of the work streams listed below. It is a collection of users and systems, which are referenced in the use cases and or activity diagrams.  This xml file is updated and consolidated from iteration to iteration as new actors are identified.

· nci.project.caehr.shared.requirements.enterprise.cim.xml – This xml file contains the known functional requirements, non-functional requirements and pre and post-conditions, consolidated across all work stream packages.   This xml file will continue to be updated from sprint to sprint as new requirements are identified.

· nci.project.caehr.shared.InformationModel.information.cim.xml – This xml file contains the consolidated list of information objects that are referenced throughout each of the work stream use cases and activity diagrams that are listed below.
· nci.project.caehr.shared.requirements.enterprise.cim.xml – This file contains functional and non-functional requirements for all topic tracks.
· nci.project.caehr.shared.actors.enterprise.cim.xml – This file contains shared, common actors for all topic tracks.
Topic Specific:

· A separate cim file is created for each topic (e.g. nci.project.caehr. ReferralManagement.cim.analysis.xml). This xml file contains the referrals use cases, activity diagrams, state machine, communication diagrams, etc associated with the specific topic.
Criteria: verify that a cim file is present for each topic, as well as each of the shared packages.
Enterprise Architect Information Model Artifacts

· Classes – This is the core part of the Information Model as it represents the information viewpoint of the Domain Analysis Model.  All of the classes are organized into sub-packages that reflect a means of grouping the classes together.
· Objects – The objects used in all topics.

· States – All of the specific order class state machines are derived from a common Order Request Management state machine.
Criteria: EA automatically creates during the process of building the models.
Topic Specific Artifacts

There are four major packages required to completely view a specific service topic, which are identified as follows: 

1) Enterprise Viewpoint:

· Actors

· Requirements.

2) Engineering Viewpoint:

· Interaction diagrams
3) Computational Viewpoint:

· The specific topic model.  This internal package contains 2 sub-packages for Use Cases, Event Flows, and Interactions. 

4) Informational Viewpoint:

· The consolidated list of information objects.
Criteria: For a given topic ensure that each viewpoint exists and can be expanded to illustrate the following artifacts.
Use Cases:

· At least one diagram depicts the Use Cases pertinent to the topic.  The operations supporting the topic should be evident from the use cases.

· For each use case within the diagram EA provides a narrative Use Case Statement
Criteria: Verify the use case diagram(s) and the associated operations.  Ensure that Use Case Statements are available for each use case.
Event Flows:

· Event Flows consist of:

· An initial Event Flow that provides the overall event flow for the topic.  It includes each of the elementary processes as composite activities.
· Event Flows for each elementary process of Referral Management
Criteria: Verify the Event Flow diagrams for the topic and the associated elementary processes.
Interaction Diagrams:

· Interaction Diagrams show how processes operate with one another and in what order.  The topic-level diagram depicts the system-specific interactions between interfaces and other objects presented in the topic’s Level 3 Activity (Event Flow) Diagrams
Criteria: Verify the Interaction diagrams for the topic.
State Machines:

· Generally there will be one State Machine diagram per topic.  It will show the states and state transitions within the topic area.
Criteria: Verify the State Machine diagrams for the topic.
Narratives:

· Narratives provide scenarios based on the Oncology Functional Profile documentation. The Analysis Team decomposes the narratives to identify Actors, Acts,  Information Object details, and State changes.

· Ideally, narrative documents will contains a thorough patient narrative outlining the base staging process and individual narratives that match the proposed use cases to be delivered in model form.
Criteria: Verify the Narrative documents provided in the iteration delivery.
Scope Documents:

· Scope Documents identify scope inclusions and exclusions for the topic.
Criteria: Verify that the scope document has reasonable inclusions and exclusions consistent for the project.
Other Documents:

· Analysis artifact deliveries will often include other documents such as:

· Meaningful Use requirements

· Meaningful Use security extract.
· These documents may be for information use only and not directly related to the modeling artifacts.

Criteria: Review for relevance in other aspects of the project (e.g. deployment, or QA of non-Analysis artifacts).
Enterprise Architect modeling terminology:

· Event Flows are the same as Activity Diagrams

2.4 Architecture Artifact QA Review

At the end of each project iteration the Architecture Team creates a “tag” delivery of artifacts created during the iteration.  The Quality Assurance Team will perform a QA Review of the artifacts according to the following process:
· Identify the “type” of each artifact,

· Review the artifact with respect to the agreed upon review criteria

· Record the artifact as complete or raise a JIRA issue to report any deficiencies identified.

An example link to Architecture artifacts for RC2 Iteration 2 is:

https://gforge.nci.nih.gov/svnroot/ent-services/tags/caEHR/ReleaseCycle2/Iteration2/Architect/ 

To Do: Explore definitions of architecture’s “Documents, Models, and Specifications” hierarchy.
2.4.1 Architecture Delivery Artifacts

To Do: Finalize architecture deliverable review process with Architecture team.
The following matrix identifies the types and QA expectations of the architecture artifacts to be reviewed:



For each iteration a summary of review updates will be reported listing each service and the magnitude of change that occurred in the update. An example of the summary for RC2-I2 is shown below:
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2.5 Business Capabilities

The following business capabilities are being developed or utilized for caBIG and, as such, requirements will be identified for each capability:

	ID Number
	Business Capability

	BCAP-2010-01
	Patient Management

	· BCAP-2010-01-01
	  Patient Registration

	· BCAP-2010-01-02
	  Scheduling

	BCAP-2010-02
	Records Management

	· BCAP-2010-02-01
	  External Clinical Sources

	· BCAP-2010-02-02
	  Referral Management

	· BCAP-2010-02-03
	  Patient Reported Data

	BCAP-2010-03
	Clinical Documentation

	· BCAP-2010-03-01
	  Patient History

	· BCAP-2010-03-02
	  Physical Examination

	· BCAP-2010-03-03
	  Problem List Management

	· BCAP-2010-03-04
	  Allergy List Management

	· BCAP-2010-03-05
	  Assessment Management

	· BCAP-2010-03-06
	  Progress Notes Management

	BCAP-2010-04
	Medication Management

	· BCAP-2010-04-01
	  Medication List Management

	· BCAP-2010-04-02
	  Immunization List Management

	· BCAP-2010-04-03
	  Medication Ordering

	· BCAP-2010-04-04
	  Medication Dispensing

	· BCAP-2010-04-05
	  Medication Administration

	· BCAP-2010-04-06
	  Medication Reconciliation

	BCAP-2010-05
	Treatment Plan Management

	· BCAP-2010-05-01
	  Treatment Plan Development

	· BCAP-2010-05-02
	  Treatment Plan Documentation

	BCAP-2010-06
	Laboratory Ordering and Result Management

	BCAP-2010-07
	Image Ordering and Result Management

	BCAP-2010-08
	Administrative and Financial Management

	· BCAP-2010-08-01
	  Eligibility

	· BCAP-2010-08-02
	  Billing

	· BCAP-2010-08-03
	  Insurance Authorization

	BCAP-2010-09
	Generate Reports

	· BCAP-2010-09-01
	  Record and Generate Patient Specific Instructions

	BCAP-2010-10
	Outcomes Management

	· BCAP-2010-10-01
	Patient Outcomes

	BCAP-2010-11
	Clinical Decision Support

	· BCAP-2010-11-01
	Drug-Drug, Drug-Allergy Checking

	· BCAP-2010-11-02
	Clinical Decision Support Rules


Individual Component Test plans will be developed for each business capability service.  See the respective Component Test Plan for further detail on the services.

3 Traceability Reporting

3.1 Traceability Attributes
Requirements traceability reporting is expected to provide the following information:
Requirement Number – All requirements will be identified by a unique ID.

Use Case Number – A unique ID will identify all Use Cases.

UC Text – Brief description of the requirement from the Use Case.

CFSS – A reference to where the requirements is referenced in the CFSS.

PIM – A reference to where the requirements is referenced in the PIM.

PIM Text – Brief description of the requirement as it is described in the PIM.

Test Case Number – A unique ID will identify all Test Cases.

Test Case Category – Test Case categories will help quantify where defects occur more frequently in the software.

Defect Number – A unique ID will identify all Test Cases.

3.2 Example Traceability Report

An example requirements traceability report is shown on the following page:
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4 Requirements Toolset

In this section we provide an overview of the key tools required for requirements traceability.  The following diagram provides an overview of the key components relating to traceability.
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Enterprise Architect is used primarily by the Analysis and Architecture team to document the design specification.   Requirements are identified and linked to Use Cases in Enterprise Architect.  An example of requirements for the Referrals service are shown below:
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2 NonFunctianal Requiremerts
(1 Reference.

The system shal pravide the capabilty ta communicate with the Patient nsurance company ta canfirm coverage eligbiity and detals nformation,
The system shal pravide the capabilty to create a Patiert referral ader.

The system shall provide the capabilty for the Referred From Provider to receive a Patient referral status from the Referred To Provder.

The system shall provide the capabilty or the Referred To Provider to notfy the Referred From Provider that the Patient referral order has been received,
The system shall provide the capabilty for the Referred To Provider to isue a referral commurication status to the Referred From Provider that a Patient referral has been
The system shall provide the capabilty for the Referred To Provider to ssue a Patiet referral status to the Referred From Provider

The system shal provide the capabilty Fa the Referred To Provider ta request addtional referralnformation.

The system shall provide the capabilty for the Referred To Provider to valdate Patient referral informetion.

The system shall provide the capabilty to capture Patient medica record release authorization in slectroric form.

The system shall provide the capabilty to capture Patient medical record relsase authorization.

The system shall provide the capabilty for the Referred From Provider to modfy a patient referralcrder.

The system shall provide the capabilty to create a new Patient medical record,

The system shal pravide the capabilty to update an exiting Patient medical recard,

The system shall provide the capabilty to eceive patint referrals,

The system shall provide the capabilty to receive referralinformation sectroricaly.

The system shall provide the capabilty for the Referred To Provider to deete 3 Patient referral.

The system shall use acceptance crieria o determine Patient referral acceptance by the Referred To Provider

The referral shallincude a status indicatingthe current state of the Patient referral.

The system shall provide the capabilty to send a new Patient referralorder from the Referred From Provider to the Refered To Provider

The system shall provide the capabilty to send a modiied a Patient referral order from the Referred From Provider to the Referred To Provider.

The system shall provide the capabilty to send a cancel Patient referral order from the Referred From Provider to the Referred To Provider.

The system shall provide the abiity to accept a special condiion that may accompany a referral,

The system shall alow for electronic communication betwesn the Referred From Provider and the Referred To Provider




JAMA Contour is a requirements management product which will be used to connect requirements from EA to Jira and HP Quality Center.  Contour has many other features that the A&A team may use including change management capabilities such as version history, side-by-side comparisons, change requests and full activities tracking for auditing. http://www.jamasoftware.com/contour/features.php 

To Do: Examples of Contour requirements linkage to be added once caBIG use of Contour becomes available.
Hewlett Packard Quality Center (HP QC) will be used for test case management, which includes a defect tracking tool as well.  Defects will be entered by QA into the QC defect tracker, and a synchronizer called JIRA Bridge will be used to create corresponding JIRA issues that are synchronized both ways as updates are made.

Illustration of a Requirement stored in HP Quality Center
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JIRA Studio is the central issue and activity tracking tool used by the project to support the Agile development process.  It will be the central caBIG location for all defects.  Linkages are planned between JIRA and Contour and HP QC to allow tracking of defects back to test cases and originating requirements.

To Do: Examples of JIRA defects linkage requirements to be added once caBIG use of HP QC and Contour becomes available.
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