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Presentation Notes
This course is sponsored by the U.S. Department of Transportation’s ITS Professional Capacity Building (PCB) Program. The ITS PCB Program is part of the Research and Innovative Technology Administration’s ITS Joint Program Office.�Thank you for participating and we hope you find this module helpful.
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Presenter
Presentation Notes
ITS Standards can make your life easier. Your procurements will go more smoothly and you’ll encourage competition, but only if you know how to write them into your specifications and test them. This module is one in a series that covers practical applications for acquiring and testing standards-based ITS systems. 
 
I am Ken Leonard, director of the ITS Joint Program Office for USDOT and I want to welcome you to our newly redesigned ITS standards training program of which this module is a part. We are pleased to be working with our partner, the Institute of Transportation Engineers, to deliver this new approach to training that combines web based modules with instructor interaction to bring the latest in ITS learning to busy professionals like yourself.
 
This combined approach allows interested professionals to schedule training at your convenience, without the need to travel. After you complete this training, we hope that you will tell colleagues and customers about the latest ITS standards and encourage them to take advantage of the archived version of the webinars.
 
ITS Standards training is one of the first offerings of our updated Professional Capacity Training Program. Through the PCB program we prepare professionals to adopt proven and emerging  ITS technologies that will make surface transportation safer, smarter and greener which improves livability for us all. You can find information on additional modules and training programs on our web site www.pcb.its.dot.gov
 
Please help us make even more improvements to our training modules through the evaluation process. We look forward to hearing your comments. Thank you again for participating and we hope you find this module helpful.
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Presenter
Presentation Notes
Patrick Chan has been involved with the TMDD Standard since development work began on Version 3.0, around mid-2006 and is the current consultant/developer of the ITE TMDD standard.  In addition, he has been involved with the development of several other ITS standards, including NTCIP 1203, the DMS data dictionary. Patrick has 23 years of ITS experience, including 4 years with a public agency.




Target Audience

* Engineering staff

= Operations and maintenance staff
= System integrators

* Device manufacturers

» Testing contractors



Presenter
Presentation Notes
Key Message:

This module is intended for:

Engineering Staff, which includes the specification writers, who are responsible for specifying and implementing the TMDD standard for a center-to-center (c2c) system;
Operations and Maintenance staff, who are the users of the system, who wish to better understand what TMDD is;
Systems Integrators, who are responsible for implementing, and testing the TMDD standard for c2c systems;
Device Manufacturers, who are responsible for providing the software systems that use the TMDD standard for the C2C interfaces; and
Testing Contractors, who are responsible for setting up and performing the tests.



Recommended Prerequisite(s)

» T101: Introduction to ITS Standards Testing

= T201: How to Write a Test Plan

= T202: Overview of Test Design Specifications, Test
Cases, and Test Procedures

»= C101: Introduction to the Communications Protocols
and Their Uses in ITS Applications

» A321a: Understanding User Needs for Traffic
Management Systems Based on TMDD v3.03 Standard
» A321b: Specifying Requirements for Traffic
Management Systems Based on TMDD v3.03 Standard

‘ Dt-partmon nsportabon
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Presentation Notes
Key Message:
T101 – Provides an introduction to the need for and applicability of ITS Standards testing.
T201 – Provides an understanding of the need for a test plan within the context of an overall system testing process/life cycle
T202 – Provides materials on 3 elements required to develop test specifications (test design specifications, test cases and test procedures)
C101 – Provides an introduction to how the NTCIP Framework offers design solutions to fulfill operational needs, including C2C communications.
A321a – Provides information on how to identify the appropriate uses of the TMDD Standard and using tools such as the NRTM.
A321b – Provides information on how to specify requirements that are supported by the TMDD Standard, and using tools such as the RTM.


Curriculum Path (SEP)

T101
Introduction to ITS
Standards Testing

T201
How to Write a
Test Plan

T202
Overview of Test
Design Specifications,
Test Cases, and Test
Procedures

C101
Introduction to the
Comm. Protocols and
Their Uses in ITS
Applications

A321a
Understanding User
Needs for Traffic
Management Systems
Based on TMDD v03
Standard

A321b
Specifying
Requirements for Traffic
Management Systems
Based on TMDD v03
Standard

T321
Applying Your Test Plan to
TMDD Standard



Presenter
Presentation Notes
Key Message:

There are two possible paths a user can follow in implementing systems based on ITS standards. The path to be taken depends on the standards needed to implement the system. The identified standard could have been developed using a systems engineering process (SEP) of well-defined needs, requirements and design, or could have been developed without an SEP. 

The TMDD v3.03 Standard is SEP-based, so the graphic shows the recommended sequential curriculum path leading to this module.  Many of concepts that will be discussed in this module has already been introduced in one of the modules in the curriculum path – this module brings these concepts all together, but specific to testing an implementation using the TMDD Standard.


Learning Objectives

1. Describe within the context of a testing life cycle
the role of a test plan and the testing to be
undertaken.

2. Recognize the purpose, structure, and content of a
well-written test plan for a TMDD-based system
Interface.

3. Describe the application of a good test plan to a
TMDD-based system being procured using a
sample TMDD test plan.



Presenter
Presentation Notes
Key Message:
1. Identify where testing belongs in the life cycle of a system, By the system lifecycle, we mean from when the idea of the system is first conceived, to when the system is retired.  So, for this learning objective, we want to introduce how a test plan identifies when testing is to be performed.
2. Identify what information may be included in a test plan for a TMDD-based system interface.
 Identify the key elements of the TMDD standard relevant to what is covered in the test plan.  The TMDD standard includes tools, in the form of traceability matrices, that can be used to develop the test plans.



Learning Objectives (cont.)

4. Identify the process to write a test plan in the
context of the requirements of TMDD that have
been selected by the user.

5. Analyze how to ensure conformance with the
TMDD v3.03 Standard.

6. Describe test documentation for TMDD: Test Plan,
Test Design Specification, Test Case Specification,
Test Procedure Specifications, and Test Reports.



Presenter
Presentation Notes
Key Message:
Identify the process of developing a test plan, using the traceability matrices, with examples using the TMDD standard.
Identify key elements of the conformance statement.
Identify the details of what information is included in the test documentation.  Identify tools that can be used for testing a TMDD-based system.


Learning Objective #1 — Describe within
the context of a testing life cycle the role
of a test plan and the testing to be
undertaken

= Explain why testing is important within the life cycle of a
system.
» |dentify how to break up (partition) the testing (meaning

verification of requirements), and when, during the
system development life cycle, requirements are tested.

‘ U.S. Department of Transportation
U Research and Innovative Technology Administration
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Presentation Notes
Key Message:
1. Discuss why we test.
2. Discuss the different types of testing that might be performed and when each type is performed.


@ Learning Objective #1

Purpose of Testing

Why Test:

» To verify that the system works
= To meet a payment milestone

Why Test -Technically:

= To verify the system interface meets the procurement
specification and satisfies the requirements (Was the
system built right?)

» To identify errors/bugs so they can be corrected

» To validate that the system interface satisfies the user
and operational needs (Did you build the right system?)

STANDARDS

T8

"I


Presenter
Presentation Notes
Key Message:
In simplest form, we test to verify that the system, or in the case of TMDD, the system interface, fulfills the requirements of the specification.
Validation asks did I satisfy my user needs (resolve the problem I am trying to solve). The system may have fulfill all the requirements in the specifications, but it’s useless if it didn’t solve the problem that the system was supposed to solve.


@ Learning Objective #1

System Life Cycle

.. f€ Feasibility Study Operations ~ Changes ~
Avchitecturels) | Concept and and (‘\ F;H::I:::::t
Lk W Exploration Maintenance  Upgrades

Field Installation

Implementation
Time Line Development Processes

‘ U.5. Department of Transportation
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Presenter
Presentation Notes
Key Message:
The "V" diagram represents the entire life cycle of a system, starting with how the idea of the system came about, possibly from the regional ITS architecture, or just an idea someone had for a project.  A copy of the "V" diagram can be found in Figure 1 in the Student Supplement. Looking at the left side first, the left side represents the development of the system, beginning with an idea of a system, determining the user needs (ConOps), requirements, and developing the design.  The system is then built and installed.  


@ Learning Objective #1

System Life Cycle

: ( Feasibility Study Operaions  Changes (\ Aty

ArChtedue(s) J gy pioration megance  Upgrades § Repiacement
Life Cycle Processes-“i;h

System Verification Plan
{System Acceptance

Subsystem
Verification Plan

Testing Phase

Document/Approval
Field Installation
Implementation
Time Line Development Processes
P
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Presentation Notes
Key Message:
Then, the performance of the testing occurs along the right side, which consists of verification and validation.  Note that the life cycle includes operations and maintenance and upgrades, before the system is retired.

Note there are test activities for each component on the left side with the right side.  For each step of the development, there is some type of testing that can be performed so you can verify or validate the system that is to be built.  For example, as you define the user needs the system is to satisfy in the Concept of Operations, you can start thinking about, “how can I test if the system satisfies my user needs?”  By thinking about testing up-front at each step, you can quickly determine how to verify or validate the system.


@, Learning Objective #1

Testing Process

IEEE 829:

* The testing process provides an objective assessment of
the system products through each system’s life cycle:

a At the completion of each development iteration
o At installation and go-live

o During operations and maintenance

a During system upgrades

a During system replacement



Presenter
Presentation Notes
Key Message:

A different definition on why test can be found in IEEE 829 – IEEE Standard for Software and System Test Documentation. 

According to IEEE 829, testing does not only occur only at the end of the development, but throughout the entire system development cycle from concept exploration all the way to system retirement.  This is consistent with what we discussed earlier on the system life cycle. However, the “V” model does not provide a detailed view on where and how the testing process is related to the system life cycle.

So, for example, testing also may occur during the Operations & Maintenance phase, such as when we are trying to resolve a misbehavior (“bug”) that is discovered during O&M; and after a system upgrade to confirm the upgrade works and we didn’t break something else; and during system replacement, to verify the new system works just as the old system – or better.


Learning Objective #1

Review of Testing

- : N Consptof\_ _ System Vaiaion Pn_ _ __  Sysiem
Validation \ | Operaons > eligation /4

= Validation — e.g., answers the question: Can | operate
the system and satisfy all my stakeholder’s user needs?

» Validation ensures the requirements and the system are
the right solution to the stated problem — i.e., “you built
the right system.”

* The system is validated when:
o Approved by the key stakeholders and agencies.
a All the project requirements are fulfilled.

a Corrective actions have been implemented for any
anomalies that have been detected.

‘ U.5. Department of Transportation
U Research and Innovative Technology Administration
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Presentation Notes
Key Message:
As we've been discussing, in systems engineering, we perform testing for verification and validation purposes.  The next two slides will discuss each in more detail. 

First, validation.  Validation confirms that the system meets the needs of its users.  The system may fulfill all the requirements in a specification, but if it doesn’t meet the need of its users, it might not be considered successful.


Learning Objective #1

Review of Testing (Cont.)

Verification

» Ongoing process that builds quality into the system
through a systematic approach of verification of
requirements — i.e., “you built the system right.”

a Unit/Device Testing — e.g., test a standalone
TMDD interface

Unit / Device

Eieteuled TestPlan Unit/Device

Ina



Presenter
Presentation Notes
Key Message:
Verification is an on-going process. It is performed at each stage of the "V" diagram, or when a new feature is added or a change is made.
For Unit/Device Testing, we’re verifying the detailed design.  For TMDD, we’re only testing the information exchanged in a controlled environment – it answers the question, is the data and the sequence of data exchanged correct?


@ Learning Objective #1

Review of Testing (Cont.)

Verification

o Subsystem Verification — e.g., tests a TMDD
system interface and its immediate environment,
typically under laboratory or center environment

o System Verification & Deployment — e.g., Tests
the entire TMDD system, including the TMC
software

System Verification Plan
_(System Acceptance) _

Subsystem
Verification Plan

- System
i _Requirements

‘ S, Deparmento Transportain
U E:srarcr d Innovative Technology Administration


Presenter
Presentation Notes
Key Message:
For Subsystem Verification, we are verifying the high-level design.  We consider other environmental factors, such as the actual communications, with the TMC software – BUT without looking at the behavior of the software. It answers the question - Is how the data exchanged correct?
For System Verification & Deployment, we are verifying the system requirements.  Consider how the TMDD software uses the information exchanged to provide the services needed to satisfy the stated user needs. It answers the question - Is the data used by the software as intended?




Presenter
Presentation Notes
We are now ready for a pop-up quiz. Use your computer mouse to select your answer on the screen and select submit. There is only one correct answer. 



@ Learning Objective #1

Which of the following iIs NOT a reason to
perform testing?

Answer Choices

a) Develop Concept of Operations
b) Verify requirements are fulfilled
c) Validate the user needs are satisfied

d) Assess a system upgrade versus the existing
system

‘ U.5. Department of Transportation
U Research ovative Te gy Administration


Presenter
Presentation Notes
Key Message:
The purpose of the polls is to review our understanding of key concepts that we have learned so far in this module.


@ Learning Objective #1

Review of Answers
@ a) Develop Concept of Operations

Correct! ConOps belongs in the definition
phase of the system life cycle.

@ b) Verify requirements are fulfilled
Incorrect; this is a reason for testing.

@ c) Validate the user needs are satisfied
Incorrect; this is a reason for testing.

d) Assess a system upgrade against the existing
@ system

Incorrect; this is a reason for testing.



Presenter
Presentation Notes
Key Message:

For d), one of the reasons for testing is to compare the conditions after a system upgrade versus the conditions before the upgrade.  Did the upgrade improve the system?  The upgrade may add features to satisfy additional user needs, or to resolve a misbehavior.


Summary of Learning Objective #1

Describe within the context of a testing life

cycle the role of a test plan and the testing to
be undertaken

» Explain why testing is important within the life cycle of a
system.

» |dentify how to break up (partition) the testing (meaning
verification of requirements), and when, during the system
development life cycle, requirements are tested

‘ U.5. Department of Transportation
U Research vative Technology Administration
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Presentation Notes
We test to verify that the system interface satisfies the requirements of a specification (Was the system built right?) and to validate the system interface satisfies the operational (user) needs (Was the right system built?)
We perform different types of tests, depending on what we are testing for (verification or validation) and when in the system life cycle.





Learning Objective #2 — Recognize the
Purpose, Structure, and Content of a Well-
Written Test Plan for a TMDD-based

System Interface

= |dentify the purpose of a test plan

= Describe the components of a test plan and explain the
purpose of each component

‘ US. Department of Transportation
U Research and Innovative Technology Administration


Presenter
Presentation Notes
Key Message:
The next several slides introduce a test plan, what it is, and what it is used for. The test plan will be discussed in general terms, with specific TMDD examples.


@ Learning Objective #2

What I1s a Test Plan?

IEEE 829 Defines a Test Plan as:

= A document describing the scope, approach (technical
and management), resources, schedule of intended test
activities, and deliverables.

o ldentifies the risks and their contingencies

* The document may be a Master Test Plan or a Level
Test Plan

= Covered in detail in Module T201 — How to Write a Test
Plan

Test Plans are not defined in the TMDD standard

STANDARDS



Presenter
Presentation Notes
Key Message: 
The test plan describes the what, why, where, when, who, and how the item will be tested.  It identifies what we are testing (the test items, the features to be tested); why we are testing, where are we testing (in a laboratory? actual TMC?), when, who will perform the tasks, and how the items are to be tested and the testing tasks. It also identifies what risks are associated with the testing and how those risks will be mitigated.
There can be different types of test plans.  There may be a Master Test Plan that describes the testing for the overall life cycle of the system.  There also can be Level Test Plans, such as a test plan for each type of testing, or for each phase of the system lifecycle or the "V" diagram.
T201:
	Discusses the role of a test plan within the testing lifecycle and SEP
	Summarizes the characteristics of a good test plan
	Presents the outline of a test plan
	Describes relationship among test plans and test design specifications 
We will review the key parts of a test plan in the next several slides.


@, Learning Objective #2

Test Plans

A Test Plan is a high-level plan that defines:

» What item is to be tested?
o ldentifies the scope of the test plan

o What portions of the TMDD-based system interface

(portion of the TMDD standard) you are going to test and
In what order?

= \WWhat features are to be tested?
o ldentifies the features to be tested
o What TMDD v3.03 requirements will be tested?



Presenter
Presentation Notes
Key Message:
Italics represents an example using TMDD as an example.
What item is to be tested?
Is it just a single system interface? Will this test plan consider the interface with the existing TMC software? Are there different communications media, communications ports, etc., to be tested?
What features are to be tested?
The Test Plan defines the features (the functions to satisfy a user need) that will be tested.  The TMDD requirements to be tested will be explained in detail later in the module.


Learning Objective #2

Types of Test Plans

* There may be a separate Test Plan for each type of
testing:

Q

Q

Q

Q

Q

Unit/Device Test Plan

Subsystem Verification Plan (System Integration)
System Verification Plan (System Acceptance)
System Validation Plan

Periodic Maintenance

= Master Test Plan
a Describes how all the test plans work together to

verify and validate the system

STANDARDS



Presenter
Presentation Notes
Key Message:
The size and complexity of the system will determine if a single test plan should be created or multiple test plans are needed. As the size and complexity [risk] of the system increases, separate test plans may be necessary.
For TMDD, we are focused on the system interface.


Learning Objective #2

Approach to Test Plans

» \What is the overall approach to testing?

o Permit identification of the major testing tasks and
estimation of time

o Trace the requirements to be tested

o ldentify significant constraints such as item
availability, resource availability, and deadlines

= Answers the questions
a Does the test item conform to the standard?

a Does the system exhibit the functionality defined in
the specifications?

‘ U.S. Department of Transportation
U Research and Innovative Technology Administration


Presenter
Presentation Notes
Key Message:
What is the overall approach?
What are the means or methods to be used for testing?
Permit identification of major testing tasks
The approach should be described in sufficient detail to permit identification of the major testing activities and estimation of the time required to perform each activity. The approach also will be determined by the complexity of the system or the risks involved.  A simple interface – with only a few features and for an implementation that the agency/vendor have experience with, requires less detail than an interface for an agency implementing the standard for the first time and with several hundred requirements.  An example of high risk is a system that supports shared control of devices will have a different approach because control has additional institutional issues (e.g., liability) that has to be considered.
Trace the requirements
That is, how do you ensure that all requirements are fulfilled.


Learning Objective #2

Approach to Test Plans (cont.)

» What are the pass/fail criteria?

a ldentifies the criteria to determine whether each test
item has passed or failed testing.

» \What are the suspension criteria and resumption
reguirements?
o Specifies the criteria to suspend all or a portion of
the testing activities.

o Specifies the criteria for regression testing (repeating
testing activities) and when testing is resumed.

‘ U.S. Department of Transportation
U Research and Innovative Technology Administration


Presenter
Presentation Notes
Key Message:
All parties have to agree what the criteria is for passing.  When testing for conformance to the standard, the standard is specific in most areas – but some are user-defined – e.g., performance requirements.  An example is that a software system must have an 99% availability requirement, which is not specified by the standard.  Examples of pass/fail criteria will be shown later in the module.

Sometimes, testing has to be suspended, whether it is planned (end of the day), or unplanned (an issue arises, so testing is suspended while the issue is resolved).  So, we need to specify the criteria used to suspend all or a portion of the testing activity on the test items associated with this plan. 
How does one restart – where they left off?  After performing some pre-condition steps?  If a test is restarted after changing something, a regression test may be required to detect any unexpected impacts resulting from program modifications.  The regression test is performed by comparing the results from the new version with the previous version.



@, Learning Objective #2

Test Environment

SYSTEM UNDER TEST (SUT)

= How IS the item to be
tested?

o ldentifies the test b

environment
(environmental needs)
to be used for executing
the test plan, such as

facilities, hardware, 12]=|== TEST SOFTWARE
communications, .

system software, and CENTER

pre-conditions for

teSting. STANDARDS

‘ U.S. Department of Transportation
U Research and Innovative Technology Administration
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Presentation Notes
Key Message:
Describes the necessary and desired properties of the test environment.
What hardware equipment will be used during the test activities (a data protocol analyzer, laptops, servers?)
What software will be used to support testing (a data logger, TMC software)? If it’s the live TMC software, will you create test database tables so as not to mix testing with the live system.
Is it in a laboratory test environment or the actual system? What are the test values or settings that will be used?
What is the communications environment? (ethernet connections with router)?



@ Learning Objective #2

Test Plan Deliverables

= \What are the test deliverables?

o Test Design Specifications. Specifies the test
approach for a feature or combination of features
and identifying the associated tests.

o Test Case Specifications. Specifies inputs,
predicted results, and a set of execution conditions
for a test item.

o Test Procedure Specifications. Specifies a
sequence of actions for the execution of a test.

o Test Reports. Summaries the results of the testing
activities and results, including any incidents. 000

e

Wl
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Presentation Notes
Key Message:
Test deliverables defines what gets delivered from the beginning to the end of testing.
Who submits it? What are the requirements for each deliverable?
For Master Test Plans, Level Test Plans are also a deliverable.

Incident: any event that occurs during the testing process.


Learning Objective #2

Example Framework for Test Documentation

= A Test Plan may consist

] Test Plan
of several Test Design e
Specifications (e.g., unit
test, integration test,
acceptance test) Test Design
Specification
* There may be a separate @TMDT'“G”“*
Test Design Specification l l l
for each implementation
Test Case Test Case Test Case
" Specificati Specification Specificati
- EaCh TeSt DeS|gn ec__l#lﬁ\énlrf;n -(#m.nn) -(# m.nlr:;n

Specification may consist
of several Test Case

SDeCificationS and Test Test Procedure ~ Test Procedure ~ Test Procedure

Specification Specification Specification
Proced u re (# m.nn) (# m.nn) (# m.nn)
- . STANDARDS
Specifications !-!-
epe of Tra Fli = i
e RITA :E:Ssezrdpf :—:fﬂtrévaﬂvmnb;:gymﬂn@uamn T



Presenter
Presentation Notes
Key Message:
A test plan may consist of different test design specifications, one for each phase of the system life cycle, or one for each feature to be tested.  Each test design specification may consist of several test case specifications or test procedure specifications.  Test Case specifications and test procedure specifications may be reused for different test design specifications. This flexibility allows reuse of test procedures and reduces cost of producing test procedures, which are the most expensive specifications to develop.  For example, Authentication is an optional requirement for all requests for information or control.  Rather than rewrite the same procedures for each possible request, just reuse a single test case or test procedures specification for verifying that the Authentication requirement is fulfilled.


@ Learning Objective #2

Test Plan — Staff and Resources

= \Who Is to test the item?

o ldentifies the roles and responsibilities for each
person in managing, designing, preparing,
executing, and resolving.

» What staffing and training is needed?

a Specify staffing needs by skills, and identify training
options for providing necessary skills.

a Project managers, programmers, test managers,
TMC supervisors?



Presenter
Presentation Notes
Key Message:
Identify the resources necessary to test.  Who will participate? Perform the tests? Document the results? Determine if the test item passed the tests?
Consider, do the participants have the skills to perform their responsibilities.  E.g., does the agency tester have the expertise to test – does he understand the requirements? The operational needs? What is being tested?  What staff/skills (programmers, test managers, project managers, TMC supervisor) are necessary?
If the skills are not available, training should be provided.  Training might include an introduction of the system under test, because it may be the first time the agency actually sees the system; how to use the test equipment (e.g., test software); introduction to the test plan; or an introduction to the testing environment.  Training may be needed prior to the start of the tests or even before the development of the rest of the test documentation.


@ Learning Objective #2

Test Plan — Schedule, Risk, Approvals

* \When is the testing to take place?

o ldentifies the testing milestones, including testing
dependencies, submittals, time to perform each task,
and testing resources.

» What are the risks and contingency plans?

o ldentifies the high risk assumptions of the test plan
and specifies contingency plans for each.

* \WWho needs to approve the test plans?



Presenter
Presentation Notes
Key Message:
Consider draft deliverables and comment periods.  For the schedule, be prepared to anticipate and schedule the repeats/re-do. Also consider time to resolve issues that may appear during testing.
Risk/Contingency – For example, if the tests include device control requests, it may require testing in the evening or using a test controller for live testing.
Approvals – Who is authorized to approval the test plans that will be used in the actual testing?




Presenter
Presentation Notes
We are now ready for a pop-up quiz. Use your computer mouse to select your answer on the screen and select submit. There is only one correct answer. 



@ Learning Objective #2

Which of the following does NOT belong In
a well-written test plan?

Answer Choices

a) Testing Environment

b) Testing Plan Staff Requirements

c) Pass/Fail Criteria

d) Sequence of Actions to be Performed

‘ U.S. Department of Transportation
U Research nology Administration


Presenter
Presentation Notes
Key Message:


Learning Objective #2

Review of Answers

@ °

Testing Environment

Incorrect; the testing environment is
defined in a test plan.

Testing Plan Staff Requirements

Incorrect; staffing requirements are defined
In a test plan.

Pass/Fail Criteria

Incorrect; the pass/fail criteria is part of a
test plan.

Sequence of Actions to be Performed

Correct! the sequence of actions to be

performed are part of the Test

Procedures Specifications.
ITS


Presenter
Presentation Notes
Key Message:



Summary of Learning Objective #2

Recognize the purpose, structure, and content
of a well-written test plan for a TMDD-based
system interface

» |dentify the purpose of a test plan

» Describe the components of a test plan and explain the
purpose of each component

‘ U.S. Department of Transportation
‘ Research Administration
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Presentation Notes
Key Message:
A test plan describes the scope, approach, resources, schedule, activities, and deliverables of a test.


Learning Objective #3 — Describe the
application of a good test plan to a TMDD-
based system being procured using a
sample TMDD test plan

Describe the structure of the TMDD v3.03 Standard

Explain what is and is not tested when testing a TMDD-
based system

* Review a sample test plan for a TMDD-based system

‘ U.S. Department of Transportation
U Research and Innovative Technology Administration


Presenter
Presentation Notes
Key Message:



@ Learning Objective #3

Traffic Management Data Dictionary (TMDD)
What is TMDD?

* TMDD Is a communications system interface standard
designed primarily for the traffic management domain

o TMDD contains a data dictionary (vocabulary) to
exchange incident information, traffic network
Information, and the monitoring and control of devices
operated by a remote center

Owner Center

External (OC) or Traffic ) .
Field Devices
Management Center -to-

= TMDD data concepts are also SR L
utilized by other ITS applications
such as incident management m— ﬂ#

eeeeeeeee
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Presentation Notes
Key Message:
TMDD - Supports the exchange of traffic information between a TMC and other centers.

Incident information includes planned events (construction) and unplanned events; traffic network information such as routes, links, and nodes; and device information such as the location, types, and status of devices.  Control of devices is actually requests to an owner center to do something. It was not designed for direct control or monitoring of field devices.

Although the focus is on traffic management centers, this data can be exchanged with other domains, such as public safety agencies, transit agencies, or planning organizations.


Learning Objective #3

Content of the TMDD
Recall Structure of the Standard

» Defines user needs
» Defines requirements

= Defines a single design for each requirement supported
by the standard

a Supports interoperability between a traffic
management center and other centers (e.g., other
traffic management, transit, public safety,
maintenance, planning organizations, etc...)



Presenter
Presentation Notes
Key Message:
The standard follows a systems engineering process.  It defines what user needs it supports (the scope of the standard); defines the requirements it supports based on the user needs identified, and defines the design (data concepts) needed to fulfill each requirement defined.
It does NOT define test procedures or include any discussion on testing.


@ Learning Objective #3

Content of the TMDD (cont.)

NRTM (Needs to Requirements Matrix)

o Traces a user need and the requirements that
satisfies the user need

a A completed NRTM indicates what requirements
(features) have been selected for the procurement
specification

RTM (Requirements Traceability Matrix)

a Defines the design (dialogs, messages, and data
elements) that must be used to fulfill a requirement.

STANDARDS
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Presentation Notes
Key Message:
The standard contains two matrices that support the use of the standard.  These matrices are key to the development of test plans and test documentation for TMDD interfaces.
The NRTM indicates what user needs are mandatory to conform to the standard, and what user needs are supported by the standard but are optional.  The NRTM also indicates for each user need to be satisfied (selected), what requirements are mandatory to satisfy that user need, and what optional requirements may be selected to support satisfying that user need.


Learning Objective #3

Test Plan for a TMDD-based System

What are we testing?

= Compliance with the procurement specification - Does
the TMDD-based system fulfill all the requirements (shall
statements) in the procurement specification?

» Conformance with the TMDD Standard - Does the
TMDD-based system fulfill the mandatory requirements
identified by the standard. The TMDD-based system
must also fulfill other specified (user-selected)
requirements of TMDD and the standards it references.

» Conformance is NOT compliance!

‘ Dt-partmon nsportabon
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Key Message:
When testing a TMDD-interface, we are testing 1 or both things – compliance with the project specifications and conformance to the standard.
To comply, the system must fulfill all the requirements in the project specification.
To conform, the system must fulfill the mandatory requirements identified by the standard, but it also must fulfill the (optional) project requirements selected for the project, and use all of the data concepts (dialogs and data objects) traced to the subject requirement in the Requirements Traceability Matrix (RTM) and design content in the manner specified by this standard or the referenced standards.


Learning Objective #3

Testing a TMDD-based System (cont.)

What is being tested?

» Testing that the proper protocols are being used?

Q

E.g., NTCIP 2304 or NTCIP 2306

» Testing that the data exchanges occur as defined by the
standard?

Q

Q

Q

Q

Q

Seguence of request-response messages
Sequence of subscription and publication messages
Correct handling of error messages

Correct structure of the TMDD messages
Correct data content is being exchanged
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Key Message:
In addition, TMDD references other normative standards, so also test - does the implementation conform to those standards also?


Learning Objective #3

Testing a TMDD-based System (cont.)
17321 module does not directly address:

* How the data is used in the implementation's environment

a It only verifies that the design content (interface) fulfills
requirements so the operational needs are satisfied

* The operation(s) the implementation is attempting to
support via the interface

a E.g., this test plan does not consider how a device is
monitored or controlled, how an operator views event
iInformation, or how a device gueue or plan library Is
managed

= u
TRAINING
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Presentation Notes
Key Message:
This module only contains examples related to the interface.  The examples do not consider how the system is implemented or actually performs its required functions – only that it fulfills the interface requirements – that is, does the data appear as defined by the standard and in the proper sequence.
The module does NOT consider what the system (TMC software) does with the data or how it is used.

For example, a center may request the status of a device, but in this module, we do not consider what method, means or logic is used by the center to monitor or determine the device status.

In summary, TMDD testing focuses on the compliance with the system interface specification and requirements, not the software implementation


Learning Objective #3

Example Test Plan for a TMDD-based
System

Introduction and Test ltems
= Test Plan Identifier: TP-TMDD-xxxx

= |ntroduction:

a Purpose: Verify center-to-center interface between
Agency X and Agency Y complies with Interface
Control Document version yyyy, and verify
conformance with TMDD v3.03.

= Test ltems:
a C2C interface as defined in TMDD v3.03
o Agency X ATMS software, Version nn.nn
a Agency Y ATMS software, Version mm.mm l-l-



Presenter
Presentation Notes
Key Message:
The next several slides present what may go into a test plan for a TMDD-based system, based on IEEE 829.
Note that the test items also identify the software version being tested.


Learning Objective #3

Example Test Plan for a TMDD-based
System

= Features to be tested:

Q

Q

Verify Connection Active

Need to Provide Information on Organizations,
Centers, and Contacts

Need for An Index of Events
Need for Node Inventory
Need for Link Inventory

Need to Share DMS Inventory
Need to Share DMS Status

Need for Roadway Characteristics Data
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Key Message:
Above is a list of features (user needs) that may be within the scope of the test plan.  It is also possible that only some of these features are included in a test plan, while other features are addressed in other test plans.


Learning Objective #3

Example Test Plan for a TMDD-based

System
Needs To Requirements Matrix (NRTM)

@ RITA

UNIC User Need | | Requirement ID | Requirement Conformance rn Other Requirements
232 Meed to Provide Information on Qrganizations, Centers, and Contacts Optional Y ;’NO)
Dialogs
3321 Send Organization Information Upon Request [M N The owner center shall respond
within ___ (100 ms—1 hour:
Default =1 minute) after
receiving the request.
3322 Publish Crganization Information Subscription: 0 Yes /MD T NA! he owner certer shall begin
ending the updated response
message within ___ (100 ms —
24 hours; Defaut = 15 minutes)
after the information is updated
in the owner center.
P
3323 Subscribe to Organization Information Subscription' O Yes .f'WNA
Request Message
.
3324 Contents of the Organization Information ] N
Request
33241 Required Organization Information Request |1 N
Content
332421 Authentication - Crganization Information (0]
(AuthOrg)
3324211 Operator [dentifier - Qrganization Information  |AuthQrgO
332422 Owner Organization Identifier 0
332423 Owner Center [dentifier 0
Response Message
3325 Contents of the Organization and Centers ]
Information
33251 Required Qrganization Information Content ]
3.325.21 Organization Mame 0
3.325.22 Organization Location 0
332523 Organization Function Description 0
33224 Cirnanizatinn Contact Infarmatinn (g

U.5. Department of Transportation
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Presentation Notes
Key Message:
The TMDD standard, uses a systems engineering process (SEP), and includes a NRTM. The NRTM was specifically added to support the SEP and to assist agencies in properly specifying the use of the standard for an agency’s specific project and operational needs.  More information on how to complete the NRTM (select the user needs and desired requirements for a procurement specification) can be found in Module A321a.

The NRTM also can be used to define the scope of the test plan.  In this example, the user needs and requirements that have been circled yes are part of the project specification.  A Test Plan may include the entire completed NRTM to define the features that are to be tested (scope) in the Test Plan.


Learning Objective #3

Example Test Plan for a TMDD-based
System

= Approach:

a Organize tests by the selected features in the
completed NRTM

o Modular Test Procedure Design (some data
concepts fulfill multiple individual requirements, e.g.,
the data frame organizationlnformation)

a Discuss how results are logged.
* [tems Pass/Fail:

o To pass the test, the item under test shall pass all
test procedures associated with requirements for the
test item identified in the NRTM.

‘ U.S. Department of Transportation
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Key Message:
Different approaches: Test based on user need, group of features, or by phase in the system life cycle.  In this example, the test plan organizes the tests by the group of features.
Other examples of data concepts that fulfill multiple individual requirements:
Authentication, Restrictions, dateTime, deviceInformationRequest, deviceInformationHeader


@, Learning Objective #3

Example Test Plan for a TMDD-based
System

» Suspension Criteria and Resumption Requirements:

a The test may be suspended between the
performance of any two test procedures

a Atest shall always resume at the start of a test
procedure

a Any modifications to the test item(s) may require
performing a regression test



Presenter
Presentation Notes
Key Message:
Regression test – any test to uncover new software bugs after changes have been made. May include rerunning previously-completed tests and comparing the results. May systematically select only the appropriate minimum set of tests to cover a particular change.


Learning Objective #3

Example Test Plan for a TMDD-based
System

= Test Deliverables:

Q

Q

Q

Test Plan: TP-TMDD-xxxx

Test Design Specification: TD-TMDD-xxxX

Test Case Specifications: TC-TMDD-xxxx

Test Procedure Specifications: TPS-TMDD-xxxx
Test Transmittal Reports

Test Log Reports

Test Incident Reports

Test Summary Reports



Presenter
Presentation Notes
Key Message:
Note that each specification is provided with a unique identifier.


Learning Objective #3

Example Test Plan for a TMDD-based
System

» Testing Tasks:

Q

Develop Test Documentation (Test Plan, Test Design
Specifications, Test Case Specifications, Test
Procedure Specification)

Training Workshop
Prepare for Testing
Conduct test and generate test logs

Prepare Test Summary Report
Transmit test documentation to project manager



Presenter
Presentation Notes
Key Message:
This slide shows some of the possible tasks that may be included in a test plan.
Training Workshop – perform training for the necessary skills, review testing documentation and procedures
Prepare for Testing – assembling testing materials, arranging test environment



Learning Objective #3

Example Test Plan for a TMDD-based
System

= Environmental Needs:

a Test environment (facility, software programs); test
items (ATMS software version); test hardware
(laptops, servers, line analyzers, cabling, projectors,
external drives for collecting test logs); test software
(software programs, test database); documentation
(TMDD v3.03 Standard in hardcopy, Test Plan in
hardcopy)

» Staffing and Training Needs

a Project Manager [Training — Yes], Test Analyst [Yes],
Systems Integrator, QA/QC Manager [Yes]

STANDARDS

ITS
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Learning Objective #3

Example Test Plan for a TMDD-based
System

» Responsibilities
a Project Manager - approve test plan; work with Team

members to address concerns:; withess the
performance of the test; approve completion of tests

a Test Analyst - develop the test documentation;
prepare the test environment; execute tests
according to the test plan; verify test results against
TMDD v3.03 standard

o Systems Integrator - witness the performance of the
tests; resolve issues from the performance of the
test; resolve areas of non-conformance

‘ U.5. Department of Transportation
U Research and Innovative Technology Administration
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Key Message:
Also, QA/QA Manager – review test documentation, witness the performance of the test, receiving and checking the test results.



@ Learning Objective #3

Example Test Plan for a TMDD-based
System

» Schedule
a Approval of Test Plan (TP-TMDD-xxxx): NTP

o Review and Documentation of Test Certificates and
Test Setup: NTP + 9 days

a Perform TD-TMDD-xxxx, TC-TMDD-xxxx: NTP + 10
days ....

o Review Test Log Reports and Test Summary
Reports: NTP + 20 to NTP + 25 days

o Recommendation (Approve, No Approval): NTP + 30
to NTP to 35 days



Presenter
Presentation Notes
Key Message:
Also need to indicate submittals and testing resources



@ Learning Objective #3

Example Test Plan for a TMDD-based
System

» Risk and Contingencies

o Unable to complete all Test Procedures on schedule.
— Schedule remaining test procedures

o Agency X ATMS software and Agency Y ATMS
software are unable to successfully exchange
Information — Conduct preliminary spot check if any
major ISsues exist.

= Approvals
o Names and titles of all persons to approve this plan.

STANDARDS

ITS

U
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Presenter
Presentation Notes
We are now ready for a pop-up quiz. Use your computer mouse to select your answer on the screen and select submit. There is only one correct answer. 



@ Learning Objective #3

Which of the following is NOT in the TMDD
Standard v3.03?

Answer Choices

a) Needs to Requirements Traceability Matrix

b) Requirements Traceability Matrix

c) Requirements to Test Case Traceability Matrix
d) A single design to fulfill each requirement

‘ U.S. Department of Transportation
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Learning Objective #3

Review of Answers
@ a) Needs to Requirements Traceability Matrix
Incorrect; a NRTM is included in the Standard.

b) Requirements Traceability Matrix
@ Incorrect; an RTM is included in the Standard.

@ c) Requirements to Test Case Traceability Matrix

Correct! this Matrix i1s not included in the
Standard.

@ d) A single design to fulfill each requirement
Incorrect; a single design is defined for each

STANDARDS

requirement In the Standard. l]-g
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Summary of Learning Objective #3

Describe the application of a good test plan to
a TMDD-based system being procured using a
sample TMDD test plan

= Described the structure of the TMDD v3.03 Standard

= Explained what is and is not to be tested when testing a
TMDD-based system

» Reviewed a sample test plan for a TMDD-based system

‘ U.S. Department of Transportation
U Research nology Administration
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Key Message:
The TMDD Standard uses a systems engineering process, defining user needs, requirements to satisfy those user needs, and design content to fulfill those requirements.
When testing a TMDD-based system, we are testing for compliance to the project specifications and conformance to the standard.



Learning Objective #4 - Identify the
process to write a test plan in the context
of the requirements of TMDD that have

been selected by the user

» Use the NRTM to identify the features to be tested
» Use the RTM to determine the standard design to verify

a requirement
» Create a Requirements to Test Case Traceability Matrix

a Indicates the test case(s) that must be passed for

the requirement to be fulfilled
a Verifies that the test cases capture testing of all

requirements at least once

‘ U.S. Department of Transportation
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Key Message:
The NRTM and the RTM in the TMDD are the keys to writing a good test plan to test a TMDD-based system. The next several slides will describe the process for using these matrices to write good test documentation.


Learning Objective #4

Process to Writing TMDD-based Test

Plans
NRTM

@ RITA

U.5. Department of Transportation
Research and Innovative Technology Administration

UN I User Need | Requirement ID Requirement Conformance pport Other Requirements
232 MNeed to Provide Information on Organizations, Centers, and Contacts Optional Yes (Mo
Dialogs

3321 Send Organization Information Upon Request |M ‘Yes The owner certer shall respond
within___ (100 ms =1 hour:
Default =1 minute) after

P~ receiving the request.

3322 Publish Grganization Information Subsoription: @ el { No (A [The owner center shall begin
sending the updated response
message within ___ (100 ms—
24 hours; Default =15 minutes)
after the information is updated

o~ in the owner center.

3323 Subsoribe to Crganization Information Subsoription: @ ‘r’eQ Mo QIA

Request Message ,\‘5'
3324 Caontents of the Crganization Information ¥ Yes
Request

33241 Required Crganization Information Request ¥
Cantent

332421 Authentication - Crganization Information [s]
(AuthOrg)

3324211 Operator Identifier - Organization Information  [AuthOrg:O

332422 Owner Organization Identifier 0]

332423 Owner Center |dentifier [s]

Response Message
3325 Contents of the Crganization and Centers Y]
Information

33251 Required Crganization Information Content ¥

332521 Organization Name [s]

3.32522 Organization Location 0]

332523 Organization Function Description [s]

SRR A4 Ciraanizatinn Coantact Infarmatinn ]

ANDARDS
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Key Message:
A completed NRTM can be used to define the scope of a test plan.  A completed NRTM, or a part of a completed NRTM, answers the question – what requirements are being tested in this test plan?

Another example NRTM can be found in Table 1 of the Student Supplement.


@ Learning Objective #4

Process to Writing TMDD-based Test
Plans (cont.)

RTM

* The Requirements Traceability Matrix (RTM) in the
TMDD Standard defines a single (standard) design (in
the form of dialogs, messages, data frames, data
elements) that must be supported to fulfill a requirement.

o Dialogs are the sequence of data exchanges that
are defined by the standard

‘ U.S. Department of Transportation
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Presentation Notes
Key Message:
Based on the requirements that have been selected, the standard defines how each (selected) requirement is to be fulfilled via design concepts such as dialogs, messages or data elements.
The procurer may not be interested in the details of the design; however, the vendor, developer, and testers are. The RTM is their guide to complying with the specifications and conforming with the standard.


Learning Objective #4

Process to Writing TMDD-based Test

Plans (cont.)

RTM
Req ID Requirement Dialog| DC Type Definition Class Name DC ID | Data Concept Instance Name
(Vol. 1) (Vol. 1)
3.355.11 Send DMS Inventory 2.41 |dialog dIDMSInventoryRequest 3.1.6.1 |dIDMSInventoryRequest
Information Upon Request
3.355.1.2 Publish DMS Inventory 2.4.2 |dialog dIDMSInventoryUpdate 3.1.24.1 |dIDMSInventoryUpdate
Information
3.355.1.3 Subscribe to DMS 2.4.3 |dialog diDevicelnformationSubscription|3.1.5.3 |dIDevicelnformationSubscription
Inventory Information
3.355.14 Contents of the DMS message devicelnformationRequestMsg [3.2.5.4 |devicelnformationRequestMsg
Inventory Request
3.355.15 Contents of the DMS message dMSInventoryMsg 3.2.6.4 |dMSInventoryMsg
Inventory Information
3.3.5.5.1.5.1 |Required DMS Inventory data-frame |devicelnventoryHeader 3.3.5.8 |device-inventory-header
Content
3.3.5.,5.1.5.1 |Required DMS Inventory data-element [dmsSignType 3.6.3.25 |dms-sign-type
Content
3.3.5.5.1.5.2.1|Sign Technology data-element |[dmsSignTechnology 3.6.2.21 |signTechnology

U.5. Department of Transportation
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Key Message:
The requirement ID and title are in the first two columns, followed by the dialog pattern. TMDD consists of 3 dialog patterns only – request-response, where there is a request message from an external center, followed by a response message from the owner center; subscription, where there is a subscription request message from an external center, followed by a confirmation message from the owner center; and the publication, where there is a publication message from the owner center, followed by a confirmation message from the external center.


Learning Objective #4

Process to Writing TMDD-based Test

Plans (cont.)

RTM
Req ID Requirement Dialog| DC Type Definition Class Name DC ID | Data Concept Instance Name
(Vol. 1) (Vol. 11)
3.355.11 Send DMS Inventory 2.4.1 |[dialog dIDMSInventoryRequest 3.1.6.1 |dIDMSInventoryRequest
Information Upon Request
3.3.5.5.1.2  |Publish DMS Inventory 2.4.2 |dialog dIDMSInventoryUpdate 3.1.24.1 |dIDMSInventoryUpdate
Information
3.3.55.1.3 Subscribe to DMS 2.43 |dialog diDevicelnformationSubscription|3.1.5.3 |dIDevicelnformationSubscription
Inventory Information
3.355.14 Contents of the DMS message devicelnformationRequestMsg |3.2.5.4 |devicelnformationRequestMsg
Inventory Request
3.3.56.,5.1.5 |[Contents of the DMS message dMSInventoryMsg 3.2.6.4 |dMSInventoryMsg
Inventory Information
3.3.5.5.1.5.1 |Required DMS Inventory data-frame |devicelnventoryHeader 3.3.5.8 |device-inventory-header
Content
3.3.5.5.1.5.1 |Required DMS Inventory data-element |dmsSignType 3.6.3.25 [dms-sign-type
Content
3.3.5.5.1.5.2.1|Sign Technology data-element |[dmsSignTechnology 3.6.2.21 |signTechnology

U.5. Department of Transportation
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Key Message:
The data concept type is shown under DC Type.  The data concept types are dialogs, messages, data-frames, and data-elements.  The data type can be found under the Definition Class Name, while the DC ID column indicates the clause in Volume II of the TMDD Standard where the definition for that data type can be found.  The Data Concept Instance Name column defines the (instance) name of the data concept that fulfills the requirement.


Learning Objective #4

Process to Writing TMDD-based Test

Plans (cont.)

RTM
Req ID Requirement Dialog| DC Type Definition Class Name DC ID | Data Concept Instance Name
(Vol. 1) (Vol. 11)
3.355.11 Send DMS Inventory 2.4.1 |dialog dIDMSInventoryRequest 3.1.6.1 |dIDMSInventoryRequest
Information Upon Request
3.355.1.2 Publish DMS Inventory 2.4.2 |dialog dIDMSInventoryUpdate 3.1.24.1 |dIDMSInventoryUpdate
Information
3.35.5.1.3 Subscribe to DMS 2.4.3 |dialog diDevicelnformationSubscription|3.1.5.3 |dIDevicelnformationSubscription
Inventory Information
3.3.5.,5.1.4 |Contents of the DMS message devicelnformationRequestMsg [3.2.5.4 [devicelnformationRequestMsg
Inventory Request
3.3.56.,5.1.5 |[Contents of the DMS message dMSInventoryMsg 3.2.6.4 |dMSInventoryMsg
Inventory Information
3.3.5.5.1.5.1 |Required DMS Inventory data-frame |devicelnventoryHeader 3.3.5.8 |device-inventory-header
Content
3.3.5.5.1.5.1 |Required DMS Inventory data-element [dmsSignType 3.6.3.25 [dms-sign-type
Content
3.3.5.5.1.5.2.1|Sign Technology data-element |[dmsSignTechnology 3.6.2.21 |signTechnology

U.5. Department of Transportation

Research and Innovative Technology Administration

Q@ RITA



Presenter
Presentation Notes
Key Message:
The first requirement is a request-response dialog (2.4.1).  The design that fulfills the requirement is a dialog, the data type is dlDMSInventoryRequest, while the definition can be found in Section 3.1.6.1 in the standard.  The instance name is dlDMSInventoryRequest.

The second and third requirements are a publication dialog (2.4.2) and a subscription dialog (2.4.3), respectively.


Learning Objective #4

Process to Writing TMDD-based Test

Plans (cont.)

RTM
Req ID Requirement Dialog| DC Type Definition Class Name DC ID | Data Concept Instance Name
(Vol. 1) (Vol. 1)
3.35.5.1.1 Send DMS Inventory 2.4.1 |dialog dIDMSInventoryRequest 3.1.6.1 |dIDMSInventoryRequest
Information Upon Request
3.355.1.2 Publish DMS Inventory 2.4.2 |dialog dIDMSInventoryUpdate 3.1.24.1 |dIDMSInventoryUpdate
Information
3.355.1.3 Subscribe to DMS 2.4.3 |dialog diDevicelnformationSubscription|3.1.5.3 |dIDevicelnformationSubscription
Inventory Information
3.355.14 Contents of the DMS message devicelnformationRequestMsg |3.2.5.4 |devicelnformationRequestMsg
Inventory Request
3.3.5.5.1.5 [Contents of the DMS message dMSlInventoryMsg 3.2.6.4 |dMSInventoryMsg
Inventory Information
3.3.5.5.1.5.1 |Required DMS Inventory data-frame |devicelnventoryHeader 3.3.5.8 |device-inventory-header
Content
3.3.56.,5.1.5.1 |Required DMS Inventory data-element |dmsSignType 3.6.3.25 [dms-sign-type
Content
3.3.5.5.1.5.2.1|Sign Technology data-element [dmsSignTechnology 3.6.2.21 [signTechnology

Q@ RITA
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Key Message:
The fourth and fifth requirements are fulfilled by messages – a request message, called deviceInformationRequestMsg (3.2.5.4), and a dMSInventoryMsg (3.2.6.4).

The sixth requirement is fulfilled by a data-frame called deviceInventoryHeader (3.3.5.8), which may be part of a message.

The last two requirements shown are fulfilled by data elements dmsSignType and dmsSignTechnology, respectively.  These data elements may already be part of a data-frame or a message.

Thus, the RTM is important to test documentation because the RTM indicates the design that must be implemented to fulfill a requirement.  The test documentation should reflect and test for the design indicated.

A more complete RTM for this example can be found in Table 2 of Student Supplement.


Learning Objective #4

Process to Writing TMDD-based Test
Plans (cont.)

Design
» Below Is the dialog that fulfills this requirement.

3.1.6.1.2 ASN.1 REPRESENTATION

dIDMSInventoryRequest ITS-INTERFACE-DIALOGUE ::={

DESCRIPTIVE-NAME “ExternalCenter<-DIDMSInventoryRequest->OwnerCenter”

ASN-NAME “DIDMSlInventoryRequest”

ASN-OBJECT-IDENTIFIER { tmddDialogs 16 }

URL “R-R.gif”

DEFINITION “A request-response dialog that allows an external center to request an owner center to provide an inventory of
the owner center’'s dynamic message signs.”

DESCRIPTIVE-NAME-CONTEXT {*"Manage Traffic"}

ARCHITECTURE-REFERENCE {“device data}

ARCHITECTURE-NAME {“U.S. National ITS Architecture”}

ARCHITECTURE-VERSION {“7.0"}

DATA-CONCEPT-TYPE interface-dialogue

STANDARD “TMDD”

REFERENCED-MESSAGES {

{tmddMessages 20 }, -- devicelnformationRequestMsg (Input Message)
{tmddMessages 25},  -- dMSInventoryMsg (Output Message) STANDARDS
{tmddMessages 10 } -- errorReportMsg (Fault Message) } l

10

‘ U.S. Department of Transportation
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Key Message:
Note the definition.
Under Referenced-Messages, notice that there’s an input message (deviceInformationRequestMsg), the output message (dMSInventoryMsg) and the Fault messages (errorReportMsg).
In the Standard, the Object Identifiers are hyperlinked, so for example, clicking on { tmddMessages 20 } will “jump” to the definition of deviceInformationRequestMsg.



Learning Objective #4

Process to Writing TMDD-based Test

Plans (cont.)

Design

= The test should confirm that

the interface:
o performs the same
sequence of data

exchanges (and events)

as defined In the
standard

o uses the data concepts
(messages, data frames

or data elements)
Indicated in the RTM

External Center

Owner Center

devicelnformationRequestMsg

dMSInventoryMsg

The following shows the
sequence of messages
upon error.

devicelnformationRequestMsg

errorReportMsg

dIDMSInventoryRequest

i dIDMSInventoryRequest
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Key Message:
The sequence diagram shows the sequence of data exchanges for the dialog, dlDMSInventoryRequest, a request-response dialog.  The first line shows a deviceInformationRequestMsg being transmitted from the External Center to the Owner Center.  In return, the Owner Center shall transmit the dMSInventoryMsg back to the External Center.  The second half of the sequence diagram shows the behavior in case there’s an error or something not recognized by the Owner Center in the deviceInformationRequestMsg.  In that event, the Owner Center would transmit an errorReportMsg to the External Center.


Learning Objective #4

Process to Writing TMDD-based Test
Plans (cont.)

Requirements to Test Case Traceability Matrix

» Create a Requirements to Test Case Traceability Matrix
(RTCTM)

a Traces each requirement selected to the test case(s)

that verifies that the implementation fulfills the
requirement

a Used to verify that the test cases capture testing of
all requirements at least once.

= One or more test cases may be needed to completely
test a requirement

o Each test case may test a different set of values
o Each test case may test different conditions l -!-



Presenter
Presentation Notes
Key Message:
Multiple test cases may needed:
Different set of values – e.g., there may be different types of events (current, planned, forecasted); different status of a device.
Different conditions – e.g., no errors are detected, an error was reported; including boundary (negative) testing, such as if public safety may be compromised with a bad value.
Each value and condition may need to be tested to fully verify a requirement.


Learning Objective #4

Process to Writing TMDD-based Test
Plans (cont.)

Requirements to Test Case Traceability Matrix

Requirement Test Case
ID Title ID Title
3.3.21 Send Organization Information Upon Request
TCS-1.2.1 Verify Organization Information with No Errors
TCS-1.2.2 Verify Organization Information with Errors
3.3.2.4 Contents of the Organization Information

TCS-1.21

Verify Organization Information with No Errors

TCS-1.2.2

Verify Organization Information with Errors
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Key Message:
Point out requirements may trace to multiple test cases.
In the example above, Requirement 3.3.2.1 traces to two test cases, TCS-1.2.1 and TCS-1.2.2.  Each is important, because it is important to verify that both conditions are consistent with the standard.
The implementation must pass all these test cases before the requirement can be considered fulfilled.

A more complete RTCTM can be found in Table 3 of the Student Supplement.




Presenter
Presentation Notes
We are now ready for a pop-up quiz. Use your computer mouse to select your answer on the screen and select submit. There is only one correct answer. 



@ Learning Objective #4

Which of the following Is part of the
Requirements to Test Case Traceability
Matrix?

Answer Choices

a) User Needs
b) Requirements
c) Design

d) Test Plans
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Key Message:


Learning Objective #4

Review of Answers

a) User Needs
@ Incorrect; user needs only appear in a NRTM.
@ b) Requirements
Correct! requirements are part of the matrix.

@ c) Design
Incorrect; design only appears in an RTM.

d) Test Plans
@ Incorrect; Test Cases are part of the RTCTM.



Presenter
Presentation Notes
Key Message:
Note:  for d), a Test Plan can contain a RTCTM.


Summary of Learning Objective #4
ldentify the process to write a test plan in the
context of the requirements of TMDD that have
been selected by the user

» Use the NRTM to identify the features to be tested
» Use the RTM to determine the standard design to verify a
reguirement
» Create a Requirements to Test Case Traceability Matrix
a Indicates the test case(s) that must be passed for the
requirement to be fulfilled
a Verifies that the test cases capture testing of all
requirements at least once

‘ U.S. Department of Transportation
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Learning Objective #5 — Analyze how to
ensure conformance with the TMDD
v3.03 Standard

* Review the Key Elements of the Conformance
Statement

= Discuss extensions to the TMDD Standard
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Key Message:
The next several slides will review what it means to conform to TMDD, and introduce how to add extensions to support functions not addressed by the TMDD standard.


@ Learning Objective #5

Conformance for a TMDD-based System

» Interoperability is the ability of different components, or
for the purpose of this module, different TMDD-based
Implementations from different vendors, to exchange
iInformation and to use the information that has been
exchanged.

o Interoperability is a key objective for using the
standards

o Interoperability reduces risks and, by extension,
Costs.



Presenter
Presentation Notes
Key Message:
Along with other standards, such as the internet protocols, Wi-Fi is an example of interoperability. Together, it doesn’t matter what hotspot you’re at, and what laptop you’re using, by conforming to the Wi-Fi, Internet, http:, and other standards, users will be able to connect to the internet and get their e-mail.
The idea is similar for TMDD – if the centers use the same standards, it doesn’t matter what center you’re trying to share information with, or whose TMC vendor’ software each agency is using.


Learning Objective #5

Conformance for a TMDD-based System

= TMDD supports interoperability by defining a single
(standard) design (in the form of dialogs, messages,
data frames, data elements) to fulfill each requirement
supported by the standard.
a It defines the sequence of events (actions) and the
data that must be exchanged.
o All systems shall fulfill a requirement the same way.

* By conforming to a standard — achieve interoperabillity.
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Key Message:



Learning Objective #5

Conformance for a TMDD-based System

* To claim conformance to the TMDD Standard:

o An implementation shall satisfy all user needs
identified as Mandatory in the NRTM; and all user
needs identified as Optional in the NRTM, but was
selected (to be supported) for the implementation

* To claim conformance to a user need in the TMDD
Standard:

a An implementation shall fulfill all requirements that
trace to the user need identified as Mandatory in the
NRTM; and all requirements that trace to the user
need identified as Optional in the NRTM, but was
selected (to be supported) for the implementation

‘ U.S. Department of Transportation
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Key Message:
The above statements are from the TMDD Standard. The first paragraph defines the rules for which an implementation can claim conformance to the standard. To conform to the standard, the implementation must satisfy all mandatory user needs, and any user need selected.

The second paragraph allows an implementation to claim conformance to specific user needs.


Learning Objective #5

Conformance for a TMDD-based System

* To claim conformance to a requirement in the
Standard
o An implementation fulfill a requirement by using all of
the data concepts (dialogs, messages, data frames,
and data elements) traced to the requirement in the

RTM in the manner specified by this Standard or the
referenced Standard
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Presentation Notes
Key Message:
The statement is from the TMDD Standard, and allows an implementation to claim conformance to a specific requirement.



Learning Objective #5

Conformance for a TMDD-based System

= TMDD Standard allows for extensions to support
operational or user needs not supported by the Standard
a Benefits include it allows an implementation to add
functions not supported by the standard
o By definition, implementations that add extensions
are no longer conformant to the standard

= With extensions, interoperability may be compromised
a Other centers must support extensions in a
consistent manner to support interoperability
a Test documentation needs to be expanded to
support extensions

STANDARDS
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Key Message:
Extensions have designs that are not recognized by the standard, and thus are considered to be non-conformant, although the TMDD standard allows its use.  The use of extensions causes interoperability problems – the very issue that standards are intended to address and avoid. 

If a region agrees on an extension, it must designed and documented VERY carefully and VERY consistently for a procurement specification and all subsequent procurement specifications that uses the extension.  Otherwise, interoperability between the centers is likely unachievable for the function that the extension attempts to address.  The problem is big within an agency but is exponentially bigger if the function and resulting extension are needed for agency-to-agency (center-to-center) communications.



@ Learning Objective #5

Conformance for a TMDD-based System

* To be consistent with the TMDD Standard, the
following rules shall apply:

a All functional requirements already supported by the
Standard must be implemented as defined by the
Standard

o Different interpretations of the meaning of a data
concept or how it is to be used requires a new data
concept

a A conformant center receiving a message must
ignore any attributes or elements in a message that
It does not recognize but shall process what it
understands
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Key Message:
The above statements are from the TMDD Standard. Consistency is not conformance. Consistency is a principle used when you have to extend the standard and helps you document and build consistency with the rest of the conformant features implemented.  To be consistent with the Standard, these statements state that an implementation must adhere to the following:
Each requirement must be fulfilled by the design identified by the standard.  No other design, such as a proprietary design, is allowed to fulfill the same requirement.  For example, if the allowable values are a, b, and c; a vendor cannot come along and change the allowable values to be 1, 2 and 3.
A data concept cannot be used in any other manner than as defined by the standard.  For example, TMDD has data elements containing vehicle bins for vehicle classification by vehicle length.  Those same vehicle bins cannot be used to support vehicle classification by some other measure, such as vehicle type.
A center may receive additional information, such as data elements in a message.  This statement requires that a receiving center process the portions of the message it does recognize.  Reasons why a center may not recognize other portions of the message includes it does not support a requirement (data element) that IS supported by the sending center (e.g., Authentication); or the sending center is transmitting an extension, or a value, that the receiving center does not support.


@ Learning Objective #5

Conformance for a TMDD-based System

* To be consistent with the TMDD Standard, the
following rules shall apply:

o New data elements may be added but cannot reuse
an existing data element name

a New enumerations may be added in a newly created
data element, but cannot reuse an existing data
element name

o Extending the range of an existing data element
requires that the data element be renamed

o New messages may be added beyond those
messages defined by the standard, but cannot reuse
an existing message name
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Key Message:
The above statements are from the TMDD Standard.  These statements provide the rules for extensions.  Again, extensions are discouraged.
For bullet 2, additional enumerations cannot be added to a data element defined in the standard.  The new enumerated values, and only the new enumerations, would be added in a new data element.
For bullet 3, a new data element would be created with the extended range.
For bullet 4, the new message would be contained in a new namespace.


@ Learning Objective #5

Conformance for a TMDD-based System

* To be consistent with the TMDD Standard, the
following rules shall apply:

o Dialogs contained in the Standard may not be
modified. However, new dialogs may be added to
support extensions.

a All design extensions (e.g., dialogs, messages data
frames, and data elements) shall be documented in
a separate XML schema (or ASN.1 module).

a All extensions shall be documented in a manner
consistent with the presentation in the standard, and
shall include the user needs being addressed, the
requirements being fulfilled, and the traceability
tables.
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Presentation Notes
Key Message:
The above statements are from the TMDD Standard.


Learning Objective #5

Conformance for a TMDD-based System

When adding extensions:

= NRTM should be updated to include any new user
needs and any new requirements

= RTM should be updated to include the new data
concepts (dialogs, messages, data frames and data
elements) to fulfill each new requirement

* The Requirements to Test Case Traceability Matrix
should be updated to reflect the Test Case
Specifications and Test Procedure Specifications to
be performed to test each new requirement

‘ U.5. Department of Transportation
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Key Message:
Since this module is about test plans for a TMDD-based interface, any extensions are new requirements that need to be tested. 




Presenter
Presentation Notes
We are now ready for a pop-up quiz. Use your computer mouse to select your answer on the screen and select submit. There is only one correct answer. 



@ Learning Objective #5

Which of the following is permitted by the
TMDD Standard?

Answer Choices

a) Create a new message to fulfill a new
requirement

b) Change the meaning of an existing data element

c) Create a new data element using an existing
data element name

d) Modify an existing dialog

‘ U.S. Department of Transportati
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Key Message:


Learning Objective #5

Review of Ahswers

2 °

Create a new message to fulfill a new requirement

Correct! creating a new message to fulfill a new
requirement is allowed.

Change the meaning of an existing data element

Incorrect; changing the meaning of an existing data
element is not permitted.

Create a new data element using an existing data
element name

Incorrect; reusing the name of an existing data
concept for a new data concept is not permitted.

Modify an existing dialog
Incorrect; modifying an existing dialog is not

ermitted.
— ITS
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Key Message:



Summary of Learning Objective #5

Analyze how to ensure conformance with the
TMDD v3.03 Standard

* Review the Key Elements of the Conformance Statement
» Discuss extensions to the TMDD Standard
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Conformance
 An implementation shall satisfy all mandatory user needs and their associated requirements as identified in the NRTM 
 An implementation shall satisfy all selected user needs and their associated requirements
 An implementation shall use all the data concepts traced to the mandatory and selected requirements in the manner specified by this standard or referenced standards 
Extensions
 Extensions are permitted to fulfill requirements not supported by the standard
 Extensions are discouraged because they break interoperability
 By definition, implementations that add extensions are no longer conformant to that standard
 Extensions should be implemented and documented in a manner consistent with the TMDD Standard



Learning Objective #6 - Describe test
documentation for TMDD: Test Plan, Test
Design Specification, Test Case
Specifications, and Test Reports

» Review the elements that comprise each type of test
documentation that is part of a test plan

» Introduce the Reference Implementation
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Key Message:
The NRTM and the RTM in the TMDD are the keys to writing a good test plan to test a TMDD-based system.  The next several slides will describe the process for using these matrices to write good test documentation, and which test documentation these matrices, including the RTCTM, should be appear.
We’ll also introduce some tools for testing.


@ Learning Objective #6

Test Documentation for a TMDD-based
System

» Test Documentation, such as the Test Plan, can begin to
be written after the user needs and requirements are
finalized, e.q., after the NRTM has been completed and
IS finalized.
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Presentation Notes
Key Message:
Answers the question – what is being tested in this test plan?


Learning Objective #6

Test Documentation for a TMDD-based
System (cont.)

"V'" Element TMDD Document TMDD-based Test Document
Concept of Needs To Requirements Basis for Test Plan
Operations Matrix
System Requirements Traceability | Basis for Test Design Specifications
Requirements Matrix
High-Level & Dialogs, messages, data Basis for Test Case Specifications and Test
Detailed Design | frames, and data elements | Procedure Specifications
Implementation | Not Applicable Basis for Test Execution and Resulting Test

Reports

‘ U.S. Department of Transportation
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Key Message:
This table depicts the different parts of the TMDD Standard and how they relate to the test documentation.
For example, once the NRTM, which defines the user needs, is finalized, the development of the Test Plan can begin.  The Test Plan can validate the system, answering if you’ve properly addressed all the user needs.
Once the RTM is finalized, which defines the requirements of the system, the development of the Test Design Specifications can begin.  The Test Design Specifications define the feature or combination of features to be tested and identify the associated tests for that feature(s).
Once the design (to fulfill the requirements) is defined, the development of the test case specifications and Test Procedure Specifications can begin.  For a TMDD conformant interface, the design is already defined by the TMDD Standard.
The Implementation phase, which includes the testing phase, is the development of the TMDD-based system.  The test execution and the results of the test execution (test reports) will depend on the Implementation.



@ Learning Objective #6

Test Documentation for a TMDD-based
System

Master Test Plan (Organized by test phase)

1 1
1 1
1 1
! . Integration System Periodic !
! T

Test Plan : Unit Test Test Acceptance Test| |[Maintenance Test E
- --l--_—————_——__l--_—_———_-—_——-_——eZgr-e—_-——,——_—_—_—_— e |

Test Design Test Design Test Design Test Design Test Design

Specifications Unit Test Integ. Test Syst. Acceptanc Periodic Mtce.

Test Case
Specification

Test Case Test Case Test Case Test Case Test Case
001 002 003 004 N

7 .
{ Test Plan Execution )

Seo (Process) _-’
Test Reports Test Logs Test Incident
Reports

\ 4 v

Test Plan Execution Summary Report l I e
]
= = O
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Key Message:
This diagram shows the relationship between the different test documents.
These different documents can be integrated into sections of a few documents depending on the complexity of the project. 


@, Learning Objective #6

Test Documentation for a TMDD-based
System (cont.)

» Test documentation development in the initial phase is
an iterative process (with the exception of the test
reports).

» Test documentation developers may need to work on
several documents concurrently to maintain
consistency (i.e., consistent referencing — e.g., Test
Design to Test Cases)
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Presentation Notes
Key Message:
The development of the test documentation may be an iterative process and may occur concurrently. Changes to any of the test documentation (including during development) may impact another test documentation.


Learning Objective #6

Test Design Specifications

» |dentifies the features to be covered by the design and
Its associated tests.

» |dentifies the test cases and test procedures required to
accomplish the testing and specifies the pass/fall
criteria.

» May have separate Test Design Specifications

o By System Life Cycle Phase

a By Functional Area

a E.g., there may be one test design specification for
CCTV cameras, and a second test design
specifications for dynamic message signs)
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Key Message:
The next several slides discusses the Test Design Specifications in a little more detail. 
You may have different test designs for each phase of the life cycle.  For example, one test design may focus on testing the requirements during the prototype tests; another test design may focus on testing the same requirements during the Unit / Device Tests.
You may also have different test designs by functional area.  For example, one test design for sharing events information and a second test design for sharing device information.



@ Learning Objective #6

Example Test Design Specification for a
TMDD-based System

Test Design Specification
ID: TD-TMDD-015 Title: Need to Share DMS Status and Control

Approach Refinement e Automated test scripts will be used
e Communications configuration tables

Features to be Tested Test Identification
ID Title ID Title

3.3.5.,5.1.1 | Send DMS Inventory Information Upon Request

TC-TMDD-020 Need to Share DMS Inventory (With No Errors)
TC-TMDD-021 Need to Share DMS Inventory (With Errors)

3.3.56.56.1.4 | Contents of the DMS Inventory Request
TC-TMDD-020 Need to Share DMS Inventory (With No Errors)
TC-TMDD-021 Need to Share DMS Inventory (With Errors)

3.3.5.5.1.5 | Contents of the DMS Inventory Information
TC-TMDD-020 Need to Share DMS Inventory (With No Errors)
TC-TMDD-021 Need to Share DMS Inventory (With Errors)

Feature Pass-Fail Criteria This test design is passed if: 1) the dialogs represented in TC-TMDD-020 and TC-

TMDD-021 complete round trip communications per test procedures TPS-TMDD-
021 and TP-TMDD-002; and 2) the data content of dialog responses are verified
correct against the project XML schema. STANDARDS

ITS
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Key Message:
The Test Design Specification should indicate the requirements that are being tested (verified).
On the top is the unique identifier and title of the TDS.
Approach Refinement: This section includes notes on the approach, such as the test script configuration, a variable table configuration, failure criteria.


@ Learning Objective #6

Example Test Design Specification for a
TMDD-based System

Test Design Specification
ID: TD-TMDD-015 Title: Need to Share DMS Status and Control

Approach Refinement e Automated test scripts will be used
e Communications configuration tables

Features to be Tested Test Identification
ID Title ID Title

3.3.5.5.1.1 | Send DMS Inventory Information Upon Request

TC-TMDD-020 Need to Share DMS Inventory (With No Errors)
TC-TMDD-021 Need to Share DMS Inventory (With Errors)

3.3.56.56.1.4 | Contents of the DMS Inventory Request
TC-TMDD-020 Need to Share DMS Inventory (With No Errors)
TC-TMDD-021 Need to Share DMS Inventory (With Errors)

3.3.5.5.1.5 | Contents of the DMS Inventory Information
TC-TMDD-020 Need to Share DMS Inventory (With No Errors)
TC-TMDD-021 Need to Share DMS Inventory (With Errors)

Feature Pass-Fail Criteria This test design is passed if: 1) the dialogs represented in TC-TMDD-020 and TC-

TMDD-021 complete round trip communications per test procedures TPS-TMDD-
021 and TP-TMDD-002; and 2) the data content of dialog responses are verified
correct against the project XML schema. STANDARDS

=
-
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Key Message:
The features to be tested is the requirements id and title.
The 3rd and 4th columns are the test cases to confirm a requirement is verified. The implementation must pass both test cases to completely fulfill a requirement.
The section on Pass-Fail Criteria indicates the criteria for passing the test design specification.
Note that this example TDS does not map to test procedure specifications. The mapping can be provided in the test design specification or in the test case specifications.
A more complete example TDS can found in Table 4 of the Student Supplement.



Learning Objective #6

Test Case Specification

= Specifies the inputs, predicted results, and a set of
execution conditions for a test item.

» Recall: The RTM defines the dialogs and data concepts
that must be supported to fulfill a requirement. How is
the requirement fulfilled?

» Recall: The RTCTM defines the test case(s) that must
be passed to verify a requirement is fulfilled.

a The test case(s) should confirm that the system
performs the same sequence of data exchanges
(and events) or use the data concepts to fulfill the
requirement being verified. !-!-
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Key Message:
The next several slides provides an overview of a Test Case Specification using a TMDD example.



@ Learning Objective #6

Test Case Specification

Test Case Specification

ID: TC-TMDD-020 Title: Need to Share DMS Inventory

Test Case Objectives To verify the ability for an owner center and an external center to exchange the
inventory and configuration of the dynamic message signs operated by the owner
center.

Test Items ¢ REQ 3.3.5.5.1.1 - Send DMS Inventory Information Upon Request

¢ REQ 3.3.5.5.1.4 - Contents of the DMS Inventory Request
¢ REQ 3.3.5.5.1.5 - Contents of the DMS Inventory Information

Input Specifications TCI-TMDD-020-1 - Need to Share DMS Inventory Inputs
Output Specifications TCO-TMDD-020-1 — Need to Share DMS Inventory Outputs
Environmental Needs No additional needs outside of those specified in the test plan
Special Procedure None

Requirements

Intercase Dependencies Perform test case TC-TMDD-019, Need to Share Updated DMS Inventory to set up a
subscription.

STANDARDS
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Key Message:
On the top is the unique identifier and title of the TCS.
Next is the objective (purpose) of this test case. What is it that this test case is testing (verifying)?



@ Learning Objective #6

Test Case Specification

Test Case Specification

ID: TC-TMDD-020 Title: Need to Share DMS Inventory

Test Case Objectives To verify the ability for an owner center and an external center to exchange the
inventory and configuration of the dynamic message signs operated by the owner
center.

Test Items e REQ 3.3.5.5.1.1 - Send DMS Inventory Information Upon Request

e REQ 3.3.5.5.1.4 - Contents of the DMS Inventory Request
e REQ 3.3.5.5.1.5 - Contents of the DMS Inventory Information

Input Specifications TCI-TMDD-020-1 - Need to Share DMS Inventory Inputs
Output Specifications TCO-TMDD-020-1 — Need to Share DMS Inventory Outputs
Environmental Needs No additional needs outside of those specified in the test plan
Special Procedure None

Requirements

Intercase Dependencies Perform test case TC-TMDD-019, Need to Share Updated DMS Inventory to set up
a subscription.

STANDARDS

ITS
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Key Message:
Specifies the items and features to be tested by this test case.  In this case, the requirements.
Specifies the (source of) inputs required to execute a test case.  E.g., indicates the test data to be used for request messages.
Specifies the expected test outputs from performing the test case. The actual outputs should be compared to these expected outputs (with allowable tolerances as appropriate).


@ Learning Objective #6

Test Case Specification

Test Case Specification

ID: TC-TMDD-020 Title: Need to Share DMS Inventory

Test Case Objectives To verify the ability for an owner center and an external center to exchange the
inventory and configuration of the dynamic message signs operated by the owner
center.

Test Items ¢ REQ 3.3.5.5.1.1 - Send DMS Inventory Information Upon Request

e REQ 3.3.5.5.1.4 - Contents of the DMS Inventory Request
¢ REQ 3.3.5.5.1.5 - Contents of the DMS Inventory Information

Input Specifications TCI-TMDD-020-1 - Need to Share DMS Inventory Inputs
Output Specifications TCO-TMDD-020-1 — Need to Share DMS Inventory Outputs
Environmental Needs No additional needs outside of those specified in the test plan
Special Procedure None

Requirements

Intercase Dependencies Perform test case TC-TMDD-019, Need to Share Updated DMS Inventory to set up
a subscription.

STANDARDS

ITS
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Key Message:
Environmental needs: Specify the characteristics and configurations of the hardware; the system and application software; or any unique facility needs required to execute this test case.
Special Procedures:  Specifies any special constraints or dependencies that must be executed prior or during the test case, such as a special set up or operator interventions.  For example, execute several steps to set the system and data to a “known” operating condition prior to and after the performance of the test case.
Intercase dependencies: Identify any test cases that must be executed prior to this test case. In this example, to set up the subscription for DMS inventory.  
Another example of  a Test Case Specification can be found in Table 5 of the Student Supplement.


@ Learning Objective #6

Example Test Case Input Specification
for a TMDD-based System

Test Case Input Specification

ID: TCI-TMDD-020-1 Title: Need to Share DMS Inventory Inputs

FR ID DC Type DC Instance Name DCID Value

Dialog (For Reference Only)

3.355.1.1 dialog dIDMSInventoryRequest 3.16.1 -

Request Message

3.35.1.1.1 message devicelnformationRequestMsg 3.254 -
3351111 data-frame organization-information 3.3.16.3 | -

data-element organization-id 3.4.16.8 | Center5
3351111 data-element device-type 3.4.5.15 | Enumerated. dynamic-message-sign (3)
3351111 data-element device-information-type 3.4.5.7 Enumerated. device-inventory (1)
3.355.14 message devicelnformationRequestMsg 3.254
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Key Message:
On the top is the unique identifier and title of the TC Input Specification.
IEEE 829 does not define what goes into a TC Input Specification.
In this example, the requirements that are addressed by this Test Case Specification are listed, as sorted in the RTM. The 1st column is the requirement id, followed by the design concept.


@ Learning Objective #6

Example Test Case Input Specification
for a TMDD-based System

Test Case Input Specification

ID: TCI-TMDD-020-1 Title: Need to Share DMS Inventory Inputs

FR ID DC Type DC Instance Name DCID Value

Dialog (For Reference Only)

3.355.1.1 dialog dIDMSInventoryRequest 3.16.1 -

Request Message

3.35.1.1.1 message devicelnformationRequestMsg 3.25.4 -
3351111 data-frame organization-information 3.3.16.3 | -

data-element organization-id 3.4.16.8 | Center5
3351111 data-element device-type 3.4.5.15 | Enumerated. dynamic-message-sign (3)
3351111 data-element device-information-type 3.4.5.7 Enumerated. device-inventory (1)
3.355.14 message devicelnformationRequestMsg 3.254

‘ U.S. Department of Transportation
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Key Message:
The next 3 columns are the instance name, the section in the TMDD Standard where the design concept is defined, followed by, if applicable, the variable or the value that will be used during the execution of the test case. For example, the second to last row shown in the table, is the device-information-type, which is an enumerated value. The enumeration for this test case shall be device-inventory (1).


@, Learning Objective #6

Example Test Case Specification for a
TMDD-based System

Test Case Output Specification

ID: TCO-TMDD-020-1 Title: Need to Share DMS Inventory Inputs

FRID DC Type DC Instance Name DCID Value Domain

Dialog (For Reference Only)

3.355.1.1 dialog dIDMSInventoryRequest 3.16.1 -

Response Message

3.35.1.21 data-frame devicelnventoryHeader 3.3.5.8 -

3351211 data-frame organization-information 3.3.16.3 -

3.35.1.21.1 data-element device-id 3.4.16.8 AgencyA-DMS-006

3351211 data-frame device-location 3.6.9.4 -

3351211 data-element device-name 3.4.16.9 DMSI-495NB-MM128.3

3.355.15 message dMSInventoryMsg 3.2.6.4 -

3.355.151 data-frame device-inventory-header 3.35.8 -

3.355.151 data-frame dms-sign-type 3.6.3.35 Enumerated. Should be:
vmsLine (5)
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Key Message:
This is the TC Output Specification, which is similar to the TC Input Specification, but it’s for the expected outputs and results.
On the top is the unique identifier and title of the TC Output Specification.
IEEE 829 does not define what goes into a TC Output Specification. 
The 1st column is the requirement id, followed by the design concept, This is followed by the instance name, the section in the TMDD Standard where the design concept is defined, followed by, if applicable, the variable or the value that is expected during the execution of the test case. For example, the row shown in the table, is the dms-sign-type, which is an enumerated value. The enumeration for this test case shall be vmsLine (5).


Learning Objective #6

Test Procedure Specification

» Specifies the sequence of actions for the execution of a
test.
o Itis important not to skip any steps in the test
procedures to ensure proper conformance testing.

= Set up test procedures so that they may be reused.

o For example, the Authentication data frame appears
In every request message in TMDD v3.03.

o Create a test procedure specification to verify the
Authentication requirement.

a For each test procedure to verify a request
message, call the Authentication test procedure
specification if applicable.
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Key Message:
The next several slides provides an overview of a Test Procedure Specification using a TMDD example.

The Authentication data frame appears in every request message.  Rather than re-type the test procedures for Authentication for every request message / dialog, just call the Authentication test procedure.
Other examples: organization information, error reports, dateTimeZone, deviceInformationRequest messages.




@ Learning Objective #6

Example Test Procedure Specification for
a TMDD-based System

Test Procedure

ID: TPS-TMDD-021 Title: Need to Share DMS Inventory Procedures

Scope This test procedure verifies that the dIDMSInventoryRequest dialog of an Owner Center system interface is implemented properly. It tests
when a devicelnformationRequestMsg is sent to an owner center, that the owner center responds with an dMSInventoryMsg response
message.

Special Requirements None

Preconditions

1. Verify that the XML Request Message is valid against Project XML Schema
2. Verify that the WSDL for the Dialog to be tested is correct

Step Test Procedure Results References

1 CONFIGURE: Determine the identifier, location, name, and type of the dynamic message sign (per the Owner
Center's database) being requested from the Owner Center. RECORD that information as, respectively:
dms_id, dms_location, dms_name, dms_type

2 SETUP: Check the devicelnformationRequestMsg inputs so: TCI-TMDD-020-1
>organization-id = "Center5"

>device-type = "dynamic-message-sign (3)"
>device-information-type = "device-inventory (1)"

3 SETUP: Start HTTP Client

4 Load XML devicelnformationRequestMsg

5 Send XML devicelnformationRequestMsg to Owner Center Pass / Fail TMDD Vol. 1l (3.1.6.1)

6 Receive XML dMSInventoryMsg from Owner Center Pass / Fail TMDD Vol. 1l (3.1.6.1)

7 Log XML dMSInventoryMsg from Owner Center to a log file.

STANDARDS

—

[
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Key Message:
On the top is the unique identifier and title of the test procedures.
Next is the scope (purpose) of this test procedure. What is it that this test procedure is verifying?
Special requirements: Are there any prerequisite procedures or special environment requirements. For example, make sure that there are no existing queued requests, or at least know what is in the queue, before beginning tests of the queue.
Also, identify any pre-conditions.


@ Learning Objective #6

Example Test Procedure Specification for
a TMDD-based System

Test Procedure

ID: TPS-TMDD-021 Title: Need to Share DMS Inventory Procedures

Scope This test procedure verifies that the dIDMSInventoryRequest dialog of an Owner Center system interface is implemented properly. It tests
when a devicelnformationRequestMsg is sent to an owner center, that the owner center responds with an dMSInventoryMsg response
message.

Special Requirements None

Preconditions

1. Verify that the XML Request Message is valid against Project XML Schema
2. Verify that the WSDL for the Dialog to be tested is correct

Step Test Procedure Results References

1 CONFIGURE: Determine the identifier, location, name, and type of the dynamic message sign (per the Owner
Center's database) being requested from the Owner Center. RECORD that information as, respectively:
dms_id, dms_location, dms_name, dms_type

2 SETUP: Check the devicelnformationRequestMsg inputs so: TCI-TMDD-020-1
>organization-id = "Center5"

>device-type = "dynamic-message-sign (3)"
>device-information-type = "device-inventory (1)"

3 SETUP: Start HTTP Client

4 Load XML devicelnformationRequestMsg

5 Send XML devicelnformationRequestMsg to Owner Center Pass / Fail TMDD Vol. Il (3.1.6.1)

6 Receive XML dMSInventoryMsg from Owner Center Pass / Fail TMDD Vol. Il (3.1.6.1)

7 Log XML dMSInventoryMsg from Owner Center to a log file.

STANDARDS
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Key Message:
What are the steps to be executed?  Note that each step is numbered. The steps may include: actions preparing for the execution, actions for the execution such as proceeding, logging, measuring, and stopping the execution.
The Results column allows test personnel to indicate if, during the execution of the test, the procedure step was passed or failed.
The Reference column indicates the document and section number where more information can be found about executing that step.  In the above example, the first reference indicates the source of the input values.  The second reference indicates where in the TMDD Standard can the design that is being verified is defined.

A more complete Test Procedure Specifications can be found in Table 6 of the Student Supplement.
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Presentation Notes
We are now ready for a pop-up quiz. Use your computer mouse to select your answer on the screen and select submit. There is only one correct answer. 



Learning Objective #6

Example TMDD Dialog

1.37.2 dlVideoSwitchStatusUpdate
3.1.37.2.1 PRE CONDITIONS
An owner center shall provide updates to an external center upon acceptance of a
diDevicelnformationSubscription dialog.
3.1.37.Z EFERENCE
See Clause 2.4.3 Generic Publication Update Dialog
3.1.37.2.3 ASN.1 REPRESENTATION
diVideoSwitchStatusUpdate ITS-INTERFACE-DIALOGUE ::= {
DESCRIPTIVE-NAME "OwnerCenter<-DIVideoSwitchStatusUpdate->ExternalCenter*
ASN-NAME "DIVideoSwitchStatusUpdate*
ASN-OBJECT-IDENTIFIER { tmddDialogs 122 }
URL "Pub.gif*
DEFINITION "A publication dialog that allows an owner center to provide status updates to an
external center on the owner center's video switches.”
DESCRIPTIVE-NAME-CONTEXT {"Manage Traffic"}
ARCHITECTURE-REFERENCE { "emergency traffic control information”,
"device status",
“field equipment status” }
ARCHITECTURE-NAME {"U.S. National ITS Architecture"}
ARCHITECTURE-VERSION {"7.0"}
DATA-CONCEPT-TYPE interface-dialogue
STANDARD "TMDD=
CED-MESSAGES {
{tmddMessages 85}, -- videoSwitchStatusMsg (Input Message)
{ c2cMessages c2cMessageReceipt(1) }, -- c2cMessageReceipt (Output Message)
tmddMessages 10 } -- errorReportMsg (Fault Message)}
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Key Message:
This is a dialog.  Note the pre-conditions.  Note the input, output and fault messages.
The same dialog definition can be found in the back of the Student Supplement.



@ Learning Objective #6

Which of the following Is not an

appropriate test step for the previous
dialog?

Answer Choices

a) The Owner Center sends the videoSwitchStatusMsg
to the External Center

b) Pre-condition to execute the
diDevicelnformationSubscription dialog

c) The External Center sends a c2cMessageReceipt
message to the Owner Center

d) The External Center sends a
devicelnformationRequestMsg to the Owner Center

STANDARDS

TES

"I
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Learning Objective #6

Review of answers

a) The Owner Center sends the videoSwitchStatusMsg to the
External Center

Incorrect; videoSwitchStatusMsg is the input message for the
dialog

@ b) Precondition to execute the diDevicelnformationSubscription
dialog
Incorrect; diDevicelnformationSubscription is a pre-condition
for the dialog

@ c) The External Center sends a c2cMessageReceipt message to
the Owner Center

Incorrect; c2cMessageReceipt is the output message for this

dialog
@ d) The External Center sends a devicelnformationRequestMsg
to the Owner Center

Correct! The External Center sends a c2cMessageReceipt
to the Owner Center STANDARDS
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Test Log

* Provides a chronological record of relevant details about
the execution of the tests

= |dentifies the tester(s)
» |dentifies the items being tested (including version
levels) and the test environment
» |Includes the identifier of the test procedure being
executed, records the results, and indicates if the test
has been successfully executed or not.
o May include a completed copy of the test procedure
specifications with approval signatures
o May include printer outputs, screen snapshots,
etc... to verify a test result
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Learning Objective #6

Test Incident Report

* Documents any event that occurs during testing that
requires additional investigation

* Includes a summary of the incident

» |dentifies the inputs, the expected results, the actual
results, any anomalies observed, the date and time of
the event, the test procedure (and step) being executed,
and the observers

* Indicate the impacts that the incident will have on the
test plan, test design specifications, test case
specifications, and test procedure specifications

STANDARDS
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Learning Objective #6

Test Summary Report

» Summarizes of the results from the testing activities and

provides an evaluation based of the test items based on
these results.

= Notes any variances, and the reasons, of the test items
from the design specifications (or standard), test plan,
test designs, or test procedures.

» Specifies the names of all persons who must approve
this report.
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@ Learning Objective #6

Reference Implementation

= Motivation: TMDD v3.03 consists of 122 user needs and
1,160 requirements. Developing test plans, test cases,
and test procedures is an enormous effort.

» USDOT developed a Reference Implementation (RI)
tool to aid in performing testing of center-to-center
Interfaces. The RI:

o Allows the user to create a test configuration based
on its selected user needs and requirements

o EXecutes the test

a Creates test reports
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Learning Objective #6

Reference Implementation (cont.)

* Follows a systems engineering process and the IEEE
829 standard

o Includes the key elements of the TMDD standard
relevant to testing: NRTM, requirements, and a
Requirements to Test Case Traceability Matrix

o Includes or uses test documentation such as test
design specifications, test case specifications, and
test procedure specifications

a Outputs test reports and test logs

= Supports XML implementations only, not designed for
ASN.1 implementations

STANDARDS
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@ Learning Objective #6

Reference Implementation (cont.)

= Allows custom test configurations to define the
requirements for the C2C interface

a Allows the user to select the Information Layer
Standard, Application Layer Standard, and indicate
If the RI acts as the owner center or the external
center

o Allows the user to identify the System Under Test (IP
address, location of web services,
username/password)
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Learning Objective #6

Reference Implementation (cont.)

= Configure Information Layer Parameters

Q

Q

Select the Information Layer user needs to be tested
Based on the user need highlighted, select the
requirements to be tested

The NRTM is shown, indicating any predicates, and
If the requirement is mandatory or optional

All mandatory user needs and requirements are pre-
selected

Any additional specifications in the NRTM can be
filled in
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Learning Objective #6

Reference Implementation (cont.)

* The RI provides a list of test case(s) that are applicable
based on the user needs / requirements selected in the
test configuration file

o Allows for the selection of test cases to be executed,
Including the selection of user-defined test cases

= The RI executes the tests
a Provides the results of each test case and each test
procedure step on the screen

* Provides Test Reports
a Includes Conformance / Compliance reports for
each user need and requirement selected

STANDARDS

o Highlights any errors that were encountered !-!-
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Learning Objective #6

Reference Implementation (cont.)

= An official test suite is provided. Includes:
a ATMDD Standard WSDL and Schema definition
o The NRTM as defined in TMDD 3.03
a A Requirements to Test Case Traceabllity Matrix
o Test Case Definition files - identifies data parameters
and expected results of each test case
a Test Procedures Scripts

» User-defined test suites can be created
a Support user-defined user needs and requirements
o Support additional test cases and test procedure
scripts
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Reference Implementation (cont.)

= Verifies:
o Compliance with a specification
a Conformance with the standards (TMDD v3.03 and
NTCIP 2306 v1.69)
* Does NOT verify
o How the data is used in the implementation’s
environment
a The operation(s) the implementation is attempting to
support via the interface
» Cannot validate the system:
a Can the agency use the system as expected?
o Does it address the problem (satisfy the user need)?

STANDARDS

TES

"’I
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Other Test Tools
XML Schema Validator

» Validate an XML document (i.e., TMDD message)
against the TMDD Schema

o Verify the XML structure is well-formed
a Verify Structure of Data is Correct
a Verify Data Content is Correct
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Learning Objective #6

Summary of Learning Objective #6
Describe test documentation for TMDD: Test
Plan, Test Design Specification, Test Case
Specifications, and Test Reports

» Review the elements that comprise each type of test
documentation that is part of a test plan
* Introduce the Reference Implementation
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What We Have Learned

1) We test a TMDD-based system interface to _verify it
fulfills the system requirements and to __validate it
satisfies the user needs.

2) The test plan for a TMDD-based system interface
defines what portion of the system interface
IS to be tested.

3) Acompleted NRTMand RTM are key elements of
the TMDD standard that should be used to develop the
test plan.

4) A Requirements to Test Case Traceability Matrix

should be created to ensure all requirements are
tested at least once.
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What We Have Learned

5) The TMDD Standard supports _interoperability by
defining a single _design to fulfill each requirement.

6) Extensions are allowed by the TMDD Standard but
are discouraged.

7) The Reference Implementation is a tool to aid In

performing testing of center-to-center interfaces.
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Resources

» T321 Student Supplement

= TMDD v3.03 Standard for Traffic Management
Center-to-Center Communications Volumes | and Il
— www.ite.org/standards/tmdd

= TMDD Guide -
http://www.ite.org/standards/TMDDstandardvO3Guid
e.pdf

= NTCIP 9001 vO4 — The NTCIP Guide —
WWW.NtCIp.orq

= NTCIP 8007, Testing and Conformity Assessment
Documentation within NTCIP Standards —
WWW.NtCIp.orq
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http://www.ite.org/standards/tmdd
http://www.ite.org/standards/TMDDstandardv03Guide.pdf
http://www.ite.org/standards/TMDDstandardv03Guide.pdf
http://www.ntcip.org/
http://www.ntcip.org/

QUESTIONS ?
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Q1:  Where can I get more information about C2C RI ? �A1:  At this time, there was no website or contact information to find out more information about the Reference Implementation.  However, there is a listserver on the ITE website where participants and interested parties may ask and find out information about the TMDD Standard.  Any information about the RI, such as when the RI will be available and the website address will be announced on the listserver.��Q2:  I am using an older version of TMDD.  How do I upgrade? �A2:  Older versions of TMDD did not have formal dialogs. Formal dialogs showed up in V3.  To upgrade to TMDD v3.03, it is recommended that the project develop a specification based on the TMDD V3 NRTM/RTM to identify the features to support and what the end product is.  For example, this step will identify which dialogs to support.  The implementer can also layout what messages and other data concepts to support, and allow the implementer to compare the old messages side-by-side with the new ones and map out where the old data will end up in the new TMDD schema.
These steps will help the implementer determine what changes need to be made to the system software.  The Reference Implementation will be the tool for testing.
 
Q3: Where can I find support for testing my TMDD implementation?
A3: Again, the listserver for the TMDD community is a good starting point.  The developers, maintainers and the TMDD Steering Committee are all on the listserver and can help answer many of your questions. 
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