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Developer Driver Framework Documentation

The developer driver framework helps Niagara AX developers create device drivers that interface the Niagara
AX framework to external equipment such as building automation controllers, unitary controllers, security
controllers, lighting controllers, etc.

The documentation for the developer driver framework consists of a tutorial whose theme is, A Driver in a
Week. We hope that by following this tutorial, a Niagara AX developer will be able to arrive at a device driver
for his or her own equipment in as little as a week's worth of development effort. This device driver will be able
to scan a communications port for equipment, check the status of the equipment, and import data points from
the equipment into the Niagara AX framework for reading (polling) and writing.

. Tutorial

o Revision History

o Overview

« Platforms
« Stations

« Workbench
- Logic

» Services

« Drivers

o Day 1 - Field Device Pinging

» Preparation
« Chapter 1 - Ping Request

« Chapter 2 - Device Id
« Chapter 3 - Device

« Chapter 4 - Receiver

« Chapter 5 - Ping Response

« Chapter 6 - Communicator
« Chapter 7 - Network
« Chapter 8 - Put it Together
« Review

o Day 2 - Reading Data Points (Polling)

« Chapter 9 - Read Request
« Chapter 10 - Read Parameters

« Chapter 11 - Read Response

« Chapter 12 - Proxy Extension

» Chapter 13 - Parse Read Response
« Chapter 14 - Point Id
« Chapter 15 - Point Device Extension

« Chapter 16 - Testing Your Progress

» Conclusion
o Day 3 - Writing Data Points

« Chapter 17 - Write Request
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« Chapter 18 - Write Parameters

« Chapter 19 - Write Response

« Chapter 20 - Update Point Id

« Chapter 21 - Auto Request and Response

« Chapter 22 - Testing Your Progress

» Conclusion

o Day 4 - Device Discovery/a>

« Chapter 23 - Device Discovery Parameters

« Chapter 24 - Device Discovery Request

« Chapter 25 - Device Discovery Response

« Chapter 26 - Device Discovery Preferences

« Conclusion
o Day 5 - Point Discovery

« Chapter 27 - Point Discovery Parameters

« Chapter 28 - Point Discovery Leaf

« Chapter 29 - Point Discovery Request

» Chapter 30

» Chapter 31
« Conclusion

o Appendix 1 - Driver Actions

o Appendix 2 - Device Manager Buttons

o Appendix 3 - Point Manager Buttons

o Appendix 4 - Exclusive Communications Access

o Appendix 5 - Defining Tags For Outgoing Requests and Incoming Frames

o Appendix 6 - Processing Unsolicited Received Data Frames

o Appendix 7 - Accessing the Point Id From the Read Request
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Developer Driver Tutorial

Welcome to the Developer Driver Tutorial for Niagara AX! This tutorial will walk you through the process of

Framework Guide

creating a device driver for the Niagara AX framework. Device drivers facilitate access to external equipment
that is connected to a Niagara AX server through a communications or network port. This tutorial will start
with a general overview of Niagara AX itself. This overview is from the author's perspective as a Niagara AX

device driver developer himself. Those already familiar with Niagara AX may use the overview simply for
reference. After that, this will guide you through a five-day process of Java development. It is the author's
intention that you will have a fully functional, or near fully-functional driver at the end of this tutorial.
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Revision History
June 04, 2007

. Early release.

June 12, 2007

« Added instructions for Udp/Ip drivers.

. Updated instructions for Tcp/Ip drivers.

. Added instructions for usage of devDriver.jar and devlpDriver.jar (which replaces devTcpDriver.jar
and adds Udp/Ip support).

August 10, 2007

. Official release.
. Polished tutorial.

January 07, 2008

. Updated Day 3 - Chapter 21 to instruct the developer to extend BDdfldParams and implement
interface BIDdfWriteParams instead of extending from BDdfWriteParams (which does not exist).

. There were a few references to easy driver throughout the documentation, especially in Chapter 17.
Easy driver was an early code-name for Dev Driver when the product was in the earliest stages of
creation. All references to Easy Driver have been changed to either Dev Driver or Ddf.

. Updated the sample source in chapters 17 and 21 to cast the result of calling get WriteParameters to
BYourDriverWriteParams instead of BYourDriverReadParams.

. Added instructions to Day 4 - Chapter 23 to override BDdfDiscoverParams.getDiscoveryLeafType.
This step was accidentally left out of the tutorial but without it, device discovery does not occur.

« Replaced the links to Conclusion 1 and Conclusion 2 on the opening lesson for day 3 with a link to the
single Conclusion page for day 3.

. Fixed some of the formatting for chapter 23.

« Added more description to all line items in the table of contents.

. Added Appendix 7 - Accessing the Point Id From the Read Request

. Replaced bad references to ddflnet.udp, ddfInet.tcp, ddfUdp and ddfTcp with com.tridium.ddfIp.udp
or com.tridium.ddfIp.tcp
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Niagara AX Framework Overview

. Platforms
. Stations

. Workbench
. Logic

. Services

. Drivers
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Niagara AX Framework Overview - Platforms

A platform is a computer that supports the Niagara AX framework. A platform is usually a Jace, Web
Supervisor, or a Workstation.

Jace
A Jace is a type of server (perhaps with an embedded operating system) that is created specifically for
the purposes of running Niagara AX stations.
Web Supervisor
Web Supervisors are enterprise servers that support the Niagara AX framework and run a Niagara
Station whose purpose (among other things) is typically to gather data from other Niagara stations.
Workstation
Workstations are personal computers that typically run the Niagara AX Workbench and allow
Niagara installation and (or) maintenance professionals to configure other Niagara platforms and
stations. Workstations are also personal computers used by professional developers to create software
applications for the Niagara AX framework (such as Niagara AX drivers).

January 7, 2008 Copyright 2008, Tridium, Inc. Page 7



NiagaraAX Developer Driver

Niagara AX Framework Overview - Stations

A Niagara AX station is a program that runs on a Niagara AX platform. The station program usually starts
running immediately after the Niagara AX platform boots. The station program continues to run forever or
until somebody or something causes the platform computer to be turned off or rebooted.

Framework Guide

Within a Niagara AX station you will find logic, services, and drivers. Niagara installation professionals create
a Niagara AX station by using the Niagara AX Workbench application. To do this they click the Tools menu
on the main menu and then they click the New Station item on the Tools menu. This presents a wizard that
generates a station on the Workstation computer.
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This is the Tools menu in the Niagara AX Workbench. The New Station item is highlighted.
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. New Station Wizard x|
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This is a screen-shot of the New Station Wizard from the Niagara AX Workbench.

The station, as generated by the wizard, is not a running station. Instead, it is an offline station. The
installation professional will then define the behavior of the station (by using the Niagara AX Workbench)
before copying it to the platform computer (using Niagara AX Workbench for this too) that will forever be
dedicated to running the station. To test his or her station's behavior, the installation professional may decide
to run the station in his or her own Workstation PC, before ultimately deploying the station in a platform
computer that is dedicated to running the station.

An online station is one that is currently running on a Niagara AX platform computer. Once again, a Niagara
AX platform computer can be a Jace, Web Supervisor, or Workstation. Installation professionals can use the
Niagara AX Workbench to configure stations that are online or offline.
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Niagara AX Framework Overview - Workbench

The Niagara AX Workbench is a powerful tool with features of a file explorer and a computer-aided-design (CAD)
application. It allows Niagara AX installation or maintenance professionals to graphically review and edit the contents
and behavior of a Niagara AX station as well as the configuration of a Niagara AX platform -- the computer on which
the station is running.

The main window of the Niagara AX Workbench application is split into sections. Approximately the left-most third
of the window displays the navigation tree. The navigation tree displays the station in terms of a tree structure. This
looks similar to how file explorers show the contents of the file system (hard drives, compact disk drives, flash drives
etc.) The right-most two-thirds of the main Workbench window shows further information and details about
whatever is selected in the navigation tree.

Workbench - Palette

The Niagara AX installation professional can add logic (read further please for details about logic) to the station by
dragging components (read further please for details about components) out of one or more Palettes and dropping
these components into the station. The palettes are typically displayed at the bottom of the left-most third of the main
Workbench application window, below the navigation tree. If the palette is not there then you can reveal it by
clicking on the Window item of the main menu, hovering over to the Side Bars menu item, and then clicking the
Palette item from the Side Bars menu.
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1aoara™

) FRAMEWORK™

This is a screen-shot of the Niagara AX Workbench. The navigation tree (Nav) is located towards the left-center.
The palette is located at the lower-left. The main display area is located towards the center and right.
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Niagara AX Framework Overview - Logic

The logic is the station's program or purpose. A Niagara AX installation professional or systems integrator creates
the logic in each station on each platform that is deployed. The installation professional uses the Niagara AX
Workbench software to create the logic for the station.

Please refer to the following illustration while reading this section.
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11

The lines betweasn
< properties are links

e "slots" within the
\boxes are properties,

+ F BeurnTens
+ P MedTens

The boxes like these
are components.,

Logic - Components

The installation or maintenance professional drags components from the palettes within the Niagara AX
Workbench into the station as needed. Each component performs a simple or complicated computation upon its
properties. Properties are data values on a component.

Logic - Properties & Links

Properties can be assigned values directly from within the workbench. Alternatively, the installation professional
can draw a line from a property on one component to a property on another component. This is called a link. The
Niagara AX station program ensures that whenever a value on the source property changes, the result flows across
the link and updates the property on the other side of the link. This causes the latter component to reprocess its
own computations and possibly update the values for its other properties as a result of the change to its .

In short, properties can be assigned values directly from within the Niagara AX Workbench, or by being linked to
-- from another property that changes, or by a user from a web browser (please read further about "Px" Pages for
more information).
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Driver Components: Niagara AX drivers feature special software components whose properties display
data values from some external equipment that is connected to the platform computer on which the
Niagara AX station is running. When the property values are changed from within Niagara, these
special components update the corresponding data values in the external equipment.

The special components that feature properties and synchronize data values between a Niagara AX
station and some external equipment are called driver control points.

Logic - Actions

Components sometimes have actions on them. An action is a way of telling the component to perform a special
computation or to do something special. Actions are identified by names that usually describe the special
computation that the component will take if the action is invoked. Actions can be invoked directly from within the
Niagara AX Workbench or from a web browser (please read further about "Px" Pages for more information). To
view or invoke an action from within Workbench, right-click a component either in the Nav tree or in the Wire
Sheet, a pop-up menu will appear, hover over the Actions side-menu. All available actions on the component will
appear in the Actions side-menu. If the Actions side-menu is grayed-out, then that means that there are no actions
available for the selected component.

Niagara AX drivers feature special software components. The actions on these special component's
can be programmed so that when invoked, they cause some behavior to occur within the equipment
that is connected to the platform computer on which the station is running. Typical actions might be
called Reboot, Set Time, or Set Date. When invoked on a special component in your driver, it might
reboot any equipment that the component represents, set the time in the equipment, or set the date.

The special driver components that would likely feature these actions are called driver devices and
driver control points.

Logic - Topics
Components sometimes have topics. A topic is an event that the component fires when the component detects
that a certain condition has occurred, whatever the certain condition might be depends on the component itself.

Niagara AX drivers feature special software components. The topics on these special component's can
be programmed to fire whenever the driver detects that some behavior has just occurred inside the
external equipment. This is one way of allowing a Niagara AX station to know when something occurs
inside the external equipment.

In general, topics are not used very often in drivers. Here are a few typical examples though of when a
driver might make use of topics:

. Depending on your driver's abilities, you could add a topic called Rebooted to a driver device
component. Your driver could fire the rebooted topic whenever it detects that the
corresponding unit of equipment has been power-cycled or otherwise rebooted.

. Depending on your driver's abilities, you could add a topic called Time Changed to a driver
device component. Your driver could fire the Time Changed topic whenever it detects that the
corresponding unit of equipment has experienced a change to its internal clock.

. Depending on your driver's abilities, you could add a topic called Date Changed to a driver
device component. Your driver could fire the Date Changed topic whenever it detects that the
corresponding unit of equipment has experienced a change to its internal calendar.

This assumes that your external device supports such a notion.

January 7, 2008 Copyright 2008, Tridium, Inc. Page 12
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The special driver components that would likely feature these topics are called driver devices and driver
control points.

Logic - More About Links

A Niagara installation professional uses the Workbench to edit the logic in a station. The installation professional
drags components into the station, as needed, to define the station's behavior. The installation professional draws
lines from properties on one component to properties on another component. These lines are called links.
Whenever the value of a property changes on one component, the value is automatically propagated across the link
to the value of the corresponding property that is on the other side of the link.

Driver control point components are virtually tied to a data value that is in a unit of equipment that the
driver communicates with. The value for the property named out on the driver control point reflects the
value that is really in the unit of equipment that the driver communicates to. One or more links can be
drawn from the out property to feed any other logic in the station. Likewise, driver control points that
are writable, feature several properties whose names start with in. The value flowing through the logic
that is linked to the in property with the lowest index will be transferred into the proper unit of
equipment for the driver, thereby changing a setpoint or other setting in the corresponding equipment.

The Niagara installation professional can also draw a link from any property on a component to any action on
another component. Whenever the property changes on the first component, the action is invoked on the
corresponding component, thereby causing the corresponding component to perform the special computation or
behavior described by the action's name.

The Niagara installation professional can also draw a link from any topic on a component to any action on another

component. Whenever the topic is fired on the first component, the corresponding action on the other component
is invoked, thereby also causing the corresponding component to perform the special computation described by the
action's name.

Logic - Px Pages

Niagara AX installation professionals create Px-Pages to provide or gain feedback from other web users. The web
users are those who will ultimately be interacting with the equipment that the driver provides access to. Px-Pages
are assigned a URL (Internet address) that can be viewed from a web browser or the Workbench software. Niagara
AX installation professionals can add one or more Px-Pages to any component. To do this, they right-click a
component from the Nav Tree in Workbench and select the New View item from the pop-up menu.

After adding the new Px-Page to the component, the main viewing area of the Workbench will become like a
graphic editor. The Niagara installation professional will drag one or more of the other components from the
station (under the Nav tree in Workbench) and drop them into the Px-Page editor. When this happens, the editor
prompts the installation professional and asks him or her to choose one or more properties or actions from the
corresponding components that were dropped onto the graphic. Then text boxes, images, buttons, or other
graphical items appear on the graphic. These graphical items are called Px- Widgets.

The Niagara AX installation professional then drags these widgets around the screen and possibly edits them to
change their color, font, size, etc. As previously mentioned, the Px-Page is assigned a URL (special Internet address)
that can be visited from a web browser. These text boxes, images, buttons, etc. can be viewed or manipulated
directly from a web browser to gain real-time access to the equipment over the Internet.
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Niagara AX Framework Overview - Services

Services are essentially mini-programs that run within a station. For example, there is a web service and a
database service. The web service runs within the station and listens for HTTP communications on either the
HTTP port or whatever port the web service is configured to use. The web service also resolves URL's to Px-
Pages (as described in the previous section) or other web serviceable components within the station and
returns the resulting web page back to the web browser.

For another example, the "serial” service listens for serial communications on any of the serial ports that are
part of the special platform computer that is running the station. For a final example, the Tcp/Ip service listens
for Tcp/Ip communications over the platform computer's Ethernet or LAN adapter.

Drivers typically tie into these services, especially the serial or Tcp/Ip services, since most equipment will
connect to the station's platform computer either through a serial port, Ethernet adapter, or other LAN
adapter. The Developer Driver Framework handles most of the details necessary for this.
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Niagara AX Framework Overview - Drivers

If you use the Niagara AX Workbench to connect to a Niagara station, expand the station in the Nayv tree, and
then double-click the Config component of the station, you will see that underneath there are two sub-
components. One is named Services and the other is named Drivers. The Services component was described in
the previous section. The section further describes the Drivers component.

Drivers Component of a Station

The following image shows the Niagara AX workbench connected to a very simple station. Please notice that
the station is located under My Host in the Nav tree. My Host is this tutorial author's Workstation (a personal
computer). In fact, a station named NewStation is running as a separate program on the author's Workstation.
The author is also running Workbench on the same Workstation. The author has connected from Workbench
to the station named NewStation. Both the Workbench and the Station are running on the same Workstation.
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Please notice that the image shows the station New Station in the Nav tree. It has an icon of a fox next to it (Eﬁ),
Under the station there is a component named Config. All stations feature this Config component. The author
has double-clicked the Config component to reveal (in the main Workbench view area) the properties and sub-

E that

components of the Config component. The author has expanded the Drivers component by clicking the
is next to it in the main view area.

Below the Drivers component you will see all of the driver networks that are in your station. The NewStation as
shown contains only one driver network, the Niagara Network, which will be further described later.

Driver Networks and the Driver Manager

If you click the Drivers component in the main Workbench view or if you double-click the Drivers component
in the Nav tree, the graphical interface that appears is called the Driver Manager. It provides more details about
the drivers that are currently in the station. It also allows you to add new driver networks to the station. A driver
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network represents a field-bus and a protocol that the station will communicate through in order to access
other equipment that is located across a field-bus, network, or communications port to which the station's
platform computer is connected.

The following image illustrates the Driver Manager. If you click the New button on the Driver Manager then a
window will pop up and ask you to choose which type of new driver network to create. There will be a drop-
down list-box that contains all possible new driver networks. The list of all possible networks is determined
based on the Niagara jar files that are present on your Workstation.

. Niagara Workbench [ —|o] x|

Flx Edt  Search  Bockmearks  Toos  YWindow  Manapesr Help

@G- 4 | M-8 0F S-LEB YR Y| D&

= My Host i Station (MewSkation) =| Config W Orhvers 0 Cxivar Manager -

. 1=
m ! [ﬂr"l';'r-.latw-:rk |'| Marne Type Status |Enabled |Fault Caus

@ Miagarahictwork. [Miagara Mebwark. {okr  brue
- BB, by Haost =

+ i By Madules

+ B by File Syshem
Plakfomm

- Eﬂtﬂmwmﬁtaﬁmj

* Services

* Crieers -
+ B3 Fies = [3 Mew | ! Edit

111

Driver Devices and the Device Manager

The external equipment is represented inside the Niagara station as driver devices, under a driver network. You
can double-click a driver network to get more information about the driver devices that are in the station, or to
introduce (add) new driver devices to the station. The interface that appears when you double-click a driver
network is called the Device Manager. It looks similar to the Driver Manager but is customized to suite the
needs of the particular driver.

Driver Control Points and the Point Manager

A driver device represents a single unit of hardware, such as a building automation or industrial controller that
is external to the platform computer yet connected to one of the same networks, field-buses, or
communications ports as the platform computer. Driver devices usually feature a sub-component named Points.
In Niagara driver-terminology, we call this the point device extension. As a reminder, all of this can be seen in the
navigation tree by expanding the Drivers component, then expanding one of the driver networks, and expanding
one of the driver devices underneath.

The point device extension component will ultimately contain one or more of the driver's control points. You
can double-click the point device extension to visit the driver's Point Manager. The driver's Point Manager looks
similar to the driver's Device Manager. Just as the Driver Manager allows you to review or add driver networks,
and just as the Device Manager allows you review or add driver devices, the Point Manager allows you to review
or add driver control points.
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Each of the driver's control points represents one data value that is inside the corresponding, external field-
device. Control points are special logic components (as previously defined in this document). This is how
Niagara monitors and controls external, smart devices -- such as those found in commercial building control
systems (for heating, ventilation, air conditioning, security, lighting, automation, etc), industrial control systems
(for automation, etc.), and/or residential building control systems (for heating, ventilation, air conditioning,
security, lighting, automation, etc.).

Niagara AX has support for smart devices that communicate over common protocols such as Lon, Bacnet,
Obix, OPC, Snmp, and Modbus. Neither Niagara nor Tridium own these protocols. Furthermore, the names of
these protocols are likely registered trademarked of their respective owners. Niagara AX also features a rich
collection of drivers that allow stations to communicate to equipment that use proprietary protocols, such as
Siemens' Staefa Smart I * commercial series of heating, ventilation, and air conditioning controllers. Staefa
Smart I1 ° is a registered trademark of Siemens.

Niagara AX = Open Architecture

The Niagara AX framework is an open architecture. It is completely extensible and allows Niagara AX
enthusiasts to develop their own drivers for communication to equipment that might not otherwise be
communicated with using any of the drivers that are among the rich, growing set of drivers available for the
Niagara AX framework.

The benefit of this is that once you have a driver that introduces your equipment into the Niagara AX
framework, you can inter-connect your equipment, through software (Niagara AX Station logic), with any
other equipment that the Niagara AX framework can access. Moreover, you can create one or more web pages
to provide access to some or all of your equipment, using Niagara AX, regardless of your equipment's
manufacturer. You can also take advantage of alarming, scheduling, and any of the many other features of the
Niagara AX framework.

Drivers - Niagara Network

All stations start with one driver network, the Niagara Network. The Niagara AX station uses the Niagara
Network component to communicate to Niagara stations that are running on other platform computers (or to
allow a station to be accessed by other Niagara stations that are running on other platform computers).
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Day 1 - Create Your Driver's Network, Device, and Start
Pinging
The developer driver framework will allow you to build a driver for the Niagara AX framework.

Pre Requisite

. A general understanding of the Niagara-AX framework.

Having taken the Tridium Technical Certification Program is strongly recommended. At the very least,
please study the Niagara AX Framework Overview section at the very beginning of this tutorial.

. A bachelors degree (or equivalent experience) in computer science, computer engineering,
information technology, or a degree that is generally equivalent to one of these.

« You should have already mastered at least one programming language, such as Java, C, C++, or Visual
Basic.

Although the Niagara AX framework is programmed in Java, you do not need to be an experienced
Java programmier to successfully develop a driver using the developer driver framework.

. Protocol documentation for the equipment that your driver will communicate with.

If you are working directly for the manufacturer of the equipment, then they should be able to provide
you with one or more documents that describes the way in which the equipment communicates, plus
the structure of the data that the equipment expects to see on the field-bus. If you have purchased this
equipment then you will need to negotiate with the equipment's manufacturer in order to gain access to
the equipment's protocol.

Definitions

field-bus
A network that connects equipment together. A platform computer must also connect to this
network, in order to access the equipment from within the Niagara framework. The platform
computer will either need to masquerade as a similar unit of equipment or as a master controller, if
the equipment's communication protocol is designed to accommodate a master.

Chapters - Day 1

. Preparation
. Chapter 1
. Chapter?2
. Chapter 3
. Chapter4
. Chapter5
. Chapter 6
. Chapter?
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. Chapter 8

. Review
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Tutorial Day 1 Preparation

Create an Initial Directory Structure on Your Hard Drive
Follow these directions to create the directory structure on your hard drive that is necessary to develop a driver.

Anywhere that this instructs you to create something called "YourDriver", replace "YourDriver" with the name
of your driver. For example, if you have decided to name your driver the "ultimate driver", then replace
"yourDriver" with "ultimateDriver" or "YourDriver" with "UltimateDriver". Follow the same capitalization
format too. Replace "yourCompany" with the name of your company. For example, if you are developing this
driver for a company called Acme Co, then replace "yourCompany" with "acmeCo" and "YourCompany" with
"AcmeCo". Follow the same capitalization format here too. Replace "jarfilename” with the name that you wish
to assign to the resulting jar file when your driver is compiled. For example, if you want your driver's jar file to
be named "ultimate.jar" then replace "jarFileName" with "ultimate".

. Make a directory somewhere named jarFileName

. Add two empty text files named build.xml and module-include.xml to the "jarFileName" folder.
. Add a folder named src to the jarFileName folder.

. Add a folder named com to the jarFileName/src folder.

=W N =

In java terminology, com means commercial.
. Add a folder named yourCompany to the jarFileName/src/com folder.
. Add a folder named yourDriver to the jarFileName/src/com/yourCompany folder.
. Add a folder named identify To the jarFileName/src/com/yourCompany/yourDriver folder.
. Add a folder named point To the jarFileName/src/com/yourCompany/yourDriver folder.
. Add a folder named discover To the jarFileName/src/com/yourCompany/yourDriver folder.
10. Add a folder named comm To the jarFileName/src/com/yourCompany/yourDriver folder.

In Niagara-AX developer terminology, comm (with two m's) means communication.

11. Add a folder named req to the jarFileName/src/com/yourCompany/yourDriver/comm folder.

O 0 N1 O N

In Niagara-AX developer terminology, req means request or requests.
12. Add a folder named rsp to the jarFileName/src/com/yourCompany/yourDriver/comm Folder.

In Niagara-AX developer terminology, rsp means response or responses.

Create an Initial build.xml File

Next, open the empty build.xml file and add the following (replacing the text yourDriver, jarFileName and
yourCompany as previously described). Please replace yd with the lower-case version of your driver's initials.
For example, if you decide to name your driver the ultimate driver then please replace yd with ud.

Please consider changing the description attribute to a brief sentence that describes your driver.
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<!-- Mdule Build File -->

<nodul e
nane = "jarFil eNange"
baj aVer si on="3. 2"
preferredSynbol = "yd"
description = "A driver built on the devel opnent driver franmework."
vendor = "your Conpany"
>
<!-- Dependencies -->

<dependency nane="al arnf vendor="Tri di un vendor Versi on="3.0" />
<dependency nane="baj a" vendor="Tridi unt vendor Versi on="3.0" />
<dependency nane="driver" vendor="Tridi um vendor Versi on="3.0" />

<dependency nane="devDriver" vendor="Tri di unt’ vendor Version="3.2" />

<dependency nane="pl atform' vendor="Tri di unt vendor Versi on="3.0" />
<dependency nane="control" vendor="Tri di um vendor Versi on="3.0" />

<!-- Packages -->
<package nane="com your Conpany. yourDriver" doc="true"/>
<package nane="com your Conpany. your Dri ver.comi doc="true"/>
<package nane="com your Conpany. yourDriver.conmreq" doc="true"/>
<package nane="com your Conpany. yourDri ver.comm rsp" doc="true"/>
<package nane="com your Conpany. yourDri ver.di scover" doc="true"/>
<package nane="com your Conpany. yourDriver.identify" doc="true"/>
<package nane="com your Conpany. yourDri ver. point" doc="true"/>

</ nodul e>

Please remember to save the file!

Create an Initial module-include.xml File
Next, open the empty module-include.xml file and add the following:

<l-- Mdule Include File -->

<!-- Types -->

<types>
<I-- Type Exanpl e:
<type name="Your C ass" cl ass="com yourDriver. BYourC ass"/>
-->

</types>
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Chapter 1 - Create Your Driver's Ping Request

The first thing you should do to create a driver using the developer driver framework is create your driver's
ping request. The ping request represents the data that the platform computer must transmit over the field-
bus to a particular unit of the external equipment (the field-device) in order to determine whether or not the
particular unit of external equipment (field-device) is currently online and ready to communicate.

Please follow these steps to create your ping request (replacing the text yourDriver and yourCompany as
previously described in the Preparation section):

1. Review your equipment's protocol documentation. If you are working directly for the manufacturer of
the equipment, then they should be able to provide you with one or more documents that describes
the way in which the equipment communicates, plus the structure of the data that the equipment
expects to see on the field-bus. If you have purchased this equipment then you will need to negotiate
with the equipment's manufacturer in order to gain access to the equipment's protocol.

2. Pick a 'ping’ message from your protocol. After reviewing the equipment's protocol documentation,
choose a message from the protocol that looks like the simplest message to which a unit of the
equipment (field-device) will respond.

3. Make a Java class that extends BDdfPingRequest. Name it BYourDriverPingRequest. Create this in
the package named com.yourCompany.yourDriver.comm.req. Also add an empty slotomatic
comment immediately after the opening brace for the class declaration.

To do this, create a text file named BYourDriverPingRequest.java in the jarFileName/src/com/
yourCompany/yourDriver/comm/req folder. Inside the text file, start with the following text:

Please replace yourCompany and yourDriver in both the file name and the following text, as
previously described.

package com your Conpany. your Dri ver.conm req;
i mport javax. baja.sys.*;

inmport comtridiumddf.commreq.?*;
inmport comtridiumddf.commrsp.*;
import comtridiumddf.comm *;

i mport com your Conpany. yourDriver.identify.*;

public class BYourDriver Pi ngRequest
ext ends BDdf Pi ngRequest
{
/*-
cl ass BYour Dri ver Pi ngRequest
{

}
Y

4. Override the toByteArray method. Build the byte array following your protocol's ping message.
5. Inside the body of the toByteArray method, you will need to construct a Java byte array and return it.
The next step will further describe how to do this.

To add the toByteArray method, add the following lines of text on the line that is immediately above the
last, closing brace. A closing brace looks like this: }
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public byte[] toByteArray()

{
}

6. Assume that any data that you need in order to construct your byte array to return from the
toByteArray method/function is the value in a frozen property on another, device Id class that extends
BDdfldParams (we'll further discuss the device Id class in the next chapter). Please do not be
overwhelmed at the mention of these. Suffice it to say, you will soon create another class that we will
call a device id. On the device id, you will define one or more frozen properties that uniquely identify a
particular unit of equipment (field-device) on the field-bus.

Frozen properties are a special kind of Niagara AX property on a Niagara AX component that you can
easily access from Java source code. You will make the device id class in subsequent sections of this
document. For now, please assume that you have already created it.

However, when you create this device id class (please do not worry about creating it now!!!), you will
define some frozen properties on the class. More specifically, you will define the frozen properties
whose values you will need in order to construct the byte array that this toByteArray method/function
will return. For example, if you need something that your protocol document might call the unit
number in order to build a request message, then you will later add a property called unitNumber to
your device id.

To do that, you will add a special comment just after the class statement in the Java file. After doing
that, you will run a Niagara AX development utility called slotomatic that will parse the comment and
add some Java code to your file -- the Java code necessary to add the property to the Niagara AX
structure that the Java file defines. More specifically, the slotomatic utility will generate a method
(function) called getUnitNumber that will return a Java int, or another type as you would have defined
in the special comment. By the way, let's call that special comment a slotomatic statement.

In light of all this discussion, please finish updating the toByteArray method to return a byte array that
matches the description that your protocol document defines for the message that you choose to be
the ping request. Please follow this example as a guide:

public byte[] toByteArray()

{
/1 In the devel oper driver franework, all requests are autonatically
/'l Assigned a deviceld when they are created. The devel oper driver
/'l Framework calls this method (function) after it creates the
/'l Request, therefore this particular request has already been
/'l Assigned a deviceld. The deviceld will be an instance of
/| BYourDriverDeviceld - that is how the devel oper driver works!

BYour Dri ver Devi cel d deviceld =
(BYour Dri ver Devi cel d) get Devi cel d() ;

final byte SOH = 0x01;
final byte EOTl = 0x04;
/1 I'n this hypothetical exanple, the protocol docunent would
// Indicate that all requests start with a hex 01 byte and
/1 Al requests end with a hex 04 byte.
/'l So, after the hex 01, the protocol expects a nunber between
// 0 and 255 to identify the device, followed by sone ASCl I
/1 Characters ("ping" in this case), followed by the hex 04
/| Term nator byte.
return new byte[]{

SCOH,

(byt e) devi cel d. get Uni t Nunber (),
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(byt e) &pos; p&apos; ,

(byt e) &pos; i &apos; ,

(byt e) &pos; n&apos; ,

(byt e) &pos; g&apos; ,
EOT};

7. Override the processReceive method but simply return null for now. We will revisit this later. The
developer driver framework calls the toByteArray method (function), transmits the resulting byte
array onto the field-bus, looks for incoming data frames, and passes them to this method (until this
method returns a response (not null), throws an exception, or times out. We'll discuss this in further
detail later. For now, please do as follows:

publ i ¢ Bl Ddf Response processRecei ve( | Ddf Dat aFranme reci eveFr ane)
t hrows Ddf ResponseExcepti on

{

return null;

}
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Chapter 2 - Create a Device Id for Your Driver & Associate it
to Your Ping Request

While following the examples in this chapter, please replace the text jarFileName, yourDriver and yourCompany
as previously described in the Preparation section):

1. Make a class named BYourDriverDeviceld that extends BDdfDeviceld. Create this in a package named
com.yourCompany.yourDriver.identify. Add a slotomatic properties declaration and declare any
properties that you needed for coding the toByteArray method in the previous chapter. In the property
declaration for each property, add the MGR_INCLUDE slot facet as shown in the following examples.

NOTE: The Dev in BDdfDeviceld, and in many other locations throughout the developer
driver, stands for Developer.

To do this, create a text file named BYourDriverDeviceld.java in the jarFileName/src/com/
yourCompany/yourDriver/identify folder. Inside the text file, start with the text that follows. The multi-
line comment that immediately follows the Java class declaration is the Niagara slotomatic declaration.
In the properties section, declare any properties that you needed for the toByteArray method in the previous
chapter.

package com your Conpany. yourDriver.identify;

i mport javax. baj a. sys. *;

inmport comtridiumddf.identify.*;

i mport com your Conpany. your Dri ver.commreq. *;

public class BYourDriverDeviceld
ext ends BDdf Devi cel d

{
[*-
cl ass BYourDri ver Devi cel d

{
properties
{
uni t Nunber : int
- This is the unitNunber in our hypothetical protocol.
defaul t{[ 0]}
sl ot f acet s{[ MGR_| NCLUDE] }
}
}
Y
}

2. Override the 'getPingRequestType()' method and return BYourDriverPingRequest. TYPE. To do this,
insert the following text to the line immediately before the closing brace.

publ i c Type get Pi ngRequest Type( )
{

}

return BYour Driver Pi ngRequest . TYPE;
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3. Run the Niagara AX slot utility on your driver.
To do this, open a Niagara Console and do the following, replacing
directoryAboveYourCompanyYourDriverFolder with the path to the folder that contains the outer-
most yourCompanyYourDriver folder, as created in the Preparation section.

d:\ Ni agara-3.2.x> cd d:/directoryAboveYour ConpanyYour Dri ver Fol der

d: \ di rect or yAboveYour ConpnayYour Dri ver Fol der> sl ot -m your ConpanyYour Dri ver

The slotomatic utility parses the slotomatic comment that you added to the top of the
BYourDriverPingRequest and BYourDriverDeviceld classes and generates the boiler-plate code
necessary to add frozen properties to those classes. The -mi option works in Niagara AX versions 3.2
and later. It causes the slotomatic utility to also add an entry to your driver's module-include.xml file
that is necessary for each Niagara AX type in your driver.

4. Do a full build on your driver and resolve any compiler errors.
To do this, open a Niagara Console from a Niagara 3.2.x release (or later) and do the following, replacing
directoryAboveYourCompanyYourDriverFolder with the path to the folder that contains the outer-
most yourCompanyYourDriver folder, as created in the Preparation section.

d:\ Ni agara-3.2.x> cd d:/directoryAboveYour ConpanyYour Dri ver Fol der

d: \ di rect oryAboveYour ConpnayYour Dri ver Fol der > bui | d your ConpanyYour Driver full

5. Resolve any errors that might appear in the console window. Proceed after you achieve a completely
successful build that is free of any Java and Niagara AX build errors.

6. Return to the toByteArray method that you created in the previous chapter. Verify that you pull any
data you need to make your byte array from the variable named yourDriverDeviceld and that you call
the getters that were generated automatically by the Niagara AX slot utility in this chapter.
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Chapter 3 - Create Your Driver's Device Component &
Associate it to Your Driver's Device Id

While following the examples in this chapter, please replace the text jarFileName, yourDriver and yourCompany as
previously described in the Preparation section):

1. Make a class named BYourDriverDevice in the package named com.yourCompany.yourDriver.
To do this, create a text file named BYourDriverDevice.java in the jarFileName/src/com/yourCompany/
yourDriver folder. Inside the text file, start with the text that follows.

package com your Conpany. your Dri ver;

i nport javax. baj a.sys. *;

inmport comtridiumddf.identify.*;

i mport com your Conpany. yourDriver.identify.*;

public class BYourDriverDevice

{
}

2. If your driver will communicate over the serial port of the station platform computer:

o Extend BDdfSerialDevice.
o Import com.tridium.ddfSerial.* in BYourDriverDevice java.

package com your Conpany. yourDri ver;
i nport javax. baj a. sys. *;

inmport comtridiumddf.identify.*;
import comtridiumddfSerial.?*;

i nport com your Conpany. your Driver.identify.*;

public class BYourDriverDevice
ext ends BDdf Seri al Devi ce

{
}

o Add the following lines to the <-- Dependencies --> section of the build.xml file that your
created in the Preparation section.

<dependency nane="serial" vendor="Tridi unt vendor Version="3.0" />
<dependency nane="devSerial Driver" vendor="Tridiunm vendorVersion="3.2" />

3. If your driver will communicate over Tcp/Ip through the station platform computer's LAN or network
adapter then:

o Extend BDdfTcpDevice.
o Import com.tridium.ddfIp.tcp.* in BYourDriverDevice java.
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package com your Conpany. yourDri ver;
i mport javax. baj a. sys. *;

inmport comtridiumddf.identify.*;
import comtridiumddflp.tcp.*;

i nport com your Conpany. your Driver.identify.*;

public class BYourDriverDevice
ext ends BDdf TcpDevi ce

{
}

o Add the following line to the <-- Dependencies --> section of the build.xml file that your
created in the Preparation chapter.

<dependency nane="devl pDriver" vendor="Tridi unm' vendor Version="3.2" />

4. If your driver will communicate over Udp/Ip through the station platform computer's LAN or network
adapter then:

o Extend BDdfUdpDevice.
o Import com.tridium.ddfIp.udp.* in BYourDriverDevice java.

package com your Conpany. yourDri ver;
i nport javax.baja.sys.*;

inmport comtridiumddf.identify.*;
import comtridium ddflp.udp.*;

i mport com your Conpany. your Dri ver.identify.*;

public class BYourDriverDevice
ext ends BDdf UdpDevi ce

{

}

o Add the following line to the <-- Dependencies --> section of the build.xml file that your
created in the Preparation chapter.

<dependency nane="devl pDriver" vendor="Tridi um' vendor Version="3.2" />

5. Inany case (serial, Tcp/Ip, or Udp/Ip device), add a slotomatic properties declaration and re-define the
'deviceld' property as follows (make sure you give it the MGR_INCLUDE slotfacet).
Place the following text on the line immediately following the opening brace for the Java class
declaration. This is the Niagara slotomatic declaration. The properties section redefines the deviceld
property. The deviceld type should be BDdfldParams. The deviceld's default value should be an instance
of BYourDriverDeviceld.
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/*-
cl ass BYourDriverDevi ce
{
properties
{
devi cel d : BDdf | dPar ans
-- This plugs in an instance of yourDriver's
-- device id as this device's deviceld
default {[ new BYourDriverDeviceld()]}
sl ot f acet s{[ MGR_| NCLUDE] }
}
}

Y

6. Place the following text on the line immediately following the slotomatic declaration that you just added.
We will revisit this method (function) later in the tutorial.

public Type get Net wor kType()

{ /] W will soon create a driver network and return
// The driver network type instead of null
return null;

}

7. Do not forget to save the BYourDriverDevice java file.
8. Run slotomatic and perform a full build on your driver (as described in Chapter 2).

Summary

In Chapter 1 you created a ping request class and started defining the outgoing frame. In Chapter 2 you created a
deviceld class that feeds data to your ping request. In Chapter 3 you created a device and put a deviceld property
on your device. You have just used a deviceld to glue your Niagara AX device to your ping request class.

At this point, you should have gained some familiarity with your protocol's messaging format. By defining the
toByteArray method in Chapters 1 and 2 above, you have already let Niagara know how to frame an outgoing

request. Next, you need to let Niagara know how to 'frame' up incoming messages that Niagara receives back from
the field bus.
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Chapter 4 - Create Your Driver's Receiver

While following the examples in this chapter, please replace the text jarFileName, yourDriver and yourCompany as
previously described in the Preparation section.

In this section, the tutorial will show you how to configure your driver to receive incoming messages from your field-
bus. This is accomplished by analyzing the incoming data and recognizing the beginning and ending of messages. The
beginning of incoming messages is usually determined by recoginzing a particular pattern of one or more bytes within
the data the is being received. The exact pattern and circumstances differs for each protocol. Some protocols place a
byte or series of bytes immediately follwoing the beginnig pattern that indicates the size of the incoming message. To
determine the ending of an incoming message, some protocols will define this in terms of a length. As just mentioned,
the length is sometimes transmitted just after the beginning sequence of bytes. Other protocols that do not include a
length, count, or message size in the request feature another pre-defined sequence of bytes as the ending sequence.
Some very simple protocols might state that all incoming messages are the same, fixed size.

Note: In Udp/Ip, incoming messages are automatically delivered to the software from the operating system. This is
possible becauses Udp/Ip features the distinct notion of data packets, also known as datagrams. If your driver
communicates over Udp/Ip then you probably will not need to define the incoming message structure. It is possible
that a Udp/Ip driver will not need to define a custom receiver at all. Therefore, if your driver communicates over
Udp/Ip then please skip this chapter and proceed to the next chpater.

1. Make a class named BYourDriverReceiver that extends BDdfTcpReceiver (if the protocol of your driver is
Tcp/Ip based) or BDdfSerialReceiver (if the protocol of your driver is serial or serial-wireless based). Create
this in the package named com.yourCompany.yourDriver.comm.

Please consider whether you need to make your class extend BDdfSerialReceiver or
BDdfTcpReceiver, declare the corresponding package (com.tridium.ddfSerial.comm.* or com.
tridium.ddfIp.tcp.comm.*) among your import statements, and change the extends clause
accordingly in your file (to extend either BDdfSerialReceiver or BDAfTcpReceiver).

To do this, create a text file named BYourDriverReceiver.java in the jarFileName/src/com/yourCompany/
yourDriver/comm folder. Inside the text file, start with the text that follows.

package com your Conmpany. your Dri ver. comm
i mport javax. baj a. sys. *;

import comtridium ddf.conmm *;
import comtridiumddfSerial.comm?*; // This would inport comtridiumddflp.tcp.comm *
/1 if the protocol was Tcp/l|p based.

public class BYourDriverReceiver

ext ends BDdf Seri al Recei ver /1 This woul d extend "BDdf TcpRecei ver" if the
pr ot ocol
{ /'l was Tcp/|p based

/*-

cl ass BYour Dri ver Recei ver

{

}
Y
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NOTE: This example extends BDdfSerialReceiver so it imports com.tridium.ddfSerial.comm™. In
your case, if you choose to extend BDdfTcpReceiver then you should import com.tridium.ddflp.tcp.
comm.* instead.

NOTE: The multi-line comment that immediately follows the Java class declaration is an empty
Niagara slotomatic declaration.

ADVANCED TOPIC: The rest of this example works best for protocols whose data frames have a
definite, identifiable beginning and ending sequence of characters (bytes). If your protocol
document does not have such a notion of data frames, then you will need to override the
protected IDdfDataFrame doReceiveFrame() throws Exception method, read raw data directly
from your driver's field bus, analyze the data, and return an IDdfDataFrame. The doReceiveFrame
method is called in a tight loop. In fact, by default, the doReceiveFrame calls the following
method that should make it convenient in the event that the driver protocol supports definite,
identifiable data frames.

NOTE: This is an advanced topic that will be discussed in an appendix in a future version of this
documentation.

2. Override the isStartOfFrame method. This is called every time a byte is received from the field bus. Return
YES if the data in the frame so far looks like the start of a receive message according to your driver's protocol.
Return MAYBE if you need more bytes to determine this. Return NO if the data in the frame does not make
sense and cannot possibly be the start sequence for a receive message in your protocol.

Here is an example that would frame up receive messages in our hypothetical protocol where receive messages start
with a hex 02 byte.

package com your Conmpany. your Dri ver. conm
i mport javax. baj a. sys. *;

import comtridium ddf.conmm *;
inmport comtridiumddfSerial.comm®*; // This would inport comtridiumddflp.tcp.comm *
/1 if the protocol was Tcp/l|p based.

public class BYourDriverReceiver

extends BDdf Seri al Recei ver /1 This woul d extend "BDdf TcpRecei ver" if the
pr ot ocol
{ /'l was Tcp/lp based

/*-

cl ass BYour Dri ver Recei ver

{

}
S

public int isStartO Frane(| Ddf Dat aFrane franmeSoFar)

if (franeSoFar. get FranmeBytes()[ 0] ==0x02)
return YES;

el se
return NO

We understand that chances are, your protocol is much more complicated than this. However, the general
principle still applies no matter how complicated the protocol is (provided that it still features the notion of
data frames). Analyze the given frame and return YES if the bytes that are in the frame so far are the beginning
sequence of frames in your protocol, NO if not, or MAYBE if you need more bytes before being able to decide
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either way.

3. Override the isCompleteFrame method.
After your isStartOfFrame method returns YES, the isCompleteFrame method is then called for every byte
that is received. Return true if the data in the fame looks like a completed, receive frame in your protocol.
Return false if you need more data. If all of a sudden, you decide that the data in the frame is invalid, return
true for now (the checkFrame method (that you may also override) will take care of that scenario.

package com your Conpany. your Dri ver. comm

i nport javax.baja.sys.*;

import comtridium ddf.conmm *;

import comtridiumddfSerial.comm?*; // This would inport comtridiumddflp.tcp.comm *

/1 if the protocol was Tcp/l|p based.

public class BYourDriverReceiver

ext ends BDdf Seri al Recei ver /1 This woul d extend "BDdf TcpRecei ver" if the
pr ot ocol
{ /1 was Tcp/|p based

/*-

cl ass BYour Dri ver Recei ver

{

}

Y

public int isStartO Frane(| Ddf Dat aFrane franmeSoFar)
{
if (frameSoFar. get FranmeByt es()[ 0] ==0x02)
return YES;
el se
return NO

publ i c bool ean i sConpl et eFr ane( | Ddf Dat aFr anme franmeSoFar)

{ // This returns true if the last valid byte is 0x04.
/1 Keep in mind, Java arrays start at index O.
/] There is one caveat in the hypothetical protocol, the
/1 Length of the response is always greater than 2 bytes.
/1 This allows for the second byte to be 0x04 as necessary,
/1 To indicate that the response canme fromunit 0x04

return
franeSoFar . get FraneSi ze() >2 && /'l Length nust be nore
than 2
frameSoFar . get FraneByt es() [ f rameSoFar . get FraneSi ze() - 1] ==0x04; // Franme nust end
with 0x04

}
}

4. Override the checkFrame method. This is called after your isCompleteFrame method returns true. Run the
bytes in the given frame through any validation or checksum logic that your protocol requires. Return true if
you can verify the frame is valid. Return false if not. Note that if your java code returned true in step 3 because
it all of sudden decided invalid data in the frame, then your checkFrame method should also recognize this
and return false.
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package com your Conpany. your Dri ver.conm

i mport javax. baj a. sys. *;

import comtridium ddf.conmm *;

inport comtridiumddfSerial.comm®*; // This would inport comtridiumddflp.tcp.comm *

/1 if the protocol was Tcp/l|p based.

public class BYourDriverReceiver

extends BDdf Seri al Recei ver /1 This woul d extend "BDdf TcpRecei ver" if the
pr ot ocol
{ /'l was Tcp/lp based
[*-
cl ass BYourDri ver Recei ver
{
}
Y
public int isStartO Frane(| Ddf Dat aFrane franmeSoFar)
{
if (frameSoFar. get FraneByt es()[ 0] ==0x02)
return YES;
el se
return NO

publ i c bool ean i sConpl et eFr ane( | Ddf Dat aFr ane franmeSoFar)

{ /] This returns true if the last valid byte is 0x04.
/] Keep in mind, Java arrays start at index O.
/1l There is one caveat in the hypothetical protocol, the
/1 Length of the response is always greater than 2 bytes.
/1 This allows for the second byte to be 0x04 as necessary,
/1 To indicate that the response canme fromunit 0x04

return
frameSoFar . get FraneSi ze() >2 && /'l Length nmust be nore
than 2
franeSoFar . get FraneByt es() [ f raneSoFar . get FrameSi ze() - 1] ==0x04; // Franme nust end
wi th 0x04

publ i c bool ean checkFrane(| Ddf Dat aFr ane franeSoFar)

{
return (franeSoFar. get FraneByt es()[0] ==0x02) &&
(franeSoFar. get FrameByt es() [ f rameSoFar . get FraneSi ze() - 1] ==0x04) ;

Note that if your checkFrame method returns True, the developer driver framework will pass the received
frame to the corresponding request, perhaps the one that you created in chapter 1. Also, your checkFrame
method will likely be much more complicated than in this example. Most serial protocols will place a
checksum, circular redundancy check (CRC), or longitudinal redundancy check (LRC) as one of the last bytes
in the message. Your checkFrame method, in that case, would implement the same algorithm, recompute the
checksum, CRC, or LRC, and verify that the result equals the checksum, CRC, or LRC that was received in the
data frame. This is done to guarantee data integrity -- that no bytes have been corrupted during transmission
(due to static, etc.)

5. Run slotomatic and perform a full build on your driver (as described in Chapter 2).

January 7, 2008 Copyright 2008, Tridium, Inc. Page 33



NiagaraAX Developer Driver Framework Guide

Chapter 5 - Create Your Driver's Ping Response

While following the examples in this chapter, please replace the text jarFileName, yourDriver and yourCompany
as previously described in the Preparation section):

1. Make a class named BYourDriverPingResponse that extends BDdfResponse. Create this in a
package named com.yourCompany.yourDriver.comm.rsp. Add an empty slotomatic statement too.
To do this, create a text file named BYourDriverPingResponse.java in the jarFileName/src/com/
yourCompany/yourDriver/comm/rsp folder. Inside the text file, start with the text that follows.

package com your Conpany. your Driver.conm rsp;
i nport javax. baj a. sys. *;
import comtridiumddf.commrsp. *;

public class BYourDriverPi ngResponse
ext ends BDdf Response

{
/*-
cl ass BYour Dri ver Pi ngResponse

{

}
o/

NOTE: The multi-line comment that immediately follows the Java class declaration is an
empty Niagara slotomatic declaration.

2. Run slotomatic and perform a full build on your driver (as described in Chapter 2).
For now, you have been intentionally instructed to create empty response class. Later you will learn
about more that you can do with the response class. Fortunately, an empty response class often works
sufficiently for pinging in a simple request-response transactions. For now, however, let us not worry
about parsing the data that might be in the ping response. It is sufficient to simply know that we
received a response because at the very least, we can conclude that the external equipment is online,
otherwise, it would not have responded at all.

3. Next, please open BYourDriverPingRequest.Java in your text editor.
4. Add the following import statement to the imports of BYourDriverPingRequest.java:

i mport com your Conpany. your Driver.commrsp. *;

5. Update the processReceive method in your ping request class (BYourDriverPingRequest). Return an
instance of BYourDriverPingResponse.
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package com your Conpany. your Driver.conmreq;
i nport javax. baj a. sys. *;

inmport comtridiumddf.commreq.*;
inmport comtridiumddf.commrsp. *;
import comtridium ddf.comm *;

i mport com your Conpany. your Driver.identify.*;
i mport com your Conpany. your Dri ver.commrsp. *;

public class BYourDriver Pi ngRequest
ext ends BDdf Pi ngRequest
{
[*-
cl ass BYour Dri ver Pi ngRequest
{

}
o/

/**
* For this exanple, we will assunme that the nere fact that a data
* frame was received after transmtting this response neans that
* the equi pnment nust have responded to the request. Since in
* Niagara AX, the primary purpose of a ping request-response
* transaction is to determ ne whether or not the correspondi ng
* field-device is online, then this will suffice.
*/
publ i ¢ Bl Ddf Response processRecei ve(| Ddf Dat aFranme reci eveFr ane)
t hrows Ddf ResponseExcepti on
{

}

return new BYourDri ver Pi ngResponse();

ADVANCED: After transmitting the bytes for your request (the bytes returned by your
request's toByteArray method), the developer driver framework will pass all frames that
it receives to your request's processReceive method. This is done until your request
returns a BIDdfResponse from this method or throws a DevResponseException (or a
subclass of DevResponseException).

The processReceive method needs to take one of the following steps:

1. (ADVANCED) Ignore the frame and return null.
This could happen in more advanced protocols that are not "master-slave” by
nature. In this scenario, by returning null, the developer driver framework will
continue to pass subsequent data frames that it receives to this method.

2. (ADVANCED) Collect the frame and return a BIDdfMultiFrameResponse. In
which case, you need to implement your own collection mechanism. For
example, this could be as simple as putting them all in a Vector in the
BIDdfMultiFrameResponse (until the request is considered to have timed-out).
This could happen in more advanced protocols where the equipment might
respond by sending multiple frames of data. By returning an instance of
BIDdfMultiFrameResponse, the developer driver framework will know that
your request is making progress. The developer driver framework will also
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continue to pass subsequent data frames that it receives to this method (until
the request is considered to have timed-out).

3. (TYPICAL) Return a BIDdfResponse for the data frame (ADVANCED -- and

any previously collected frames -- ADVANCED) that you determine together
make up a completed response.

By returning a response from your ping request's processReceive method, the
developer driver framework will know that the corresponding field-device is
online. The particular request-response transaction will be considered to be
complete. No subsequent data frames will be passed to this particular request's
processReceive method.

. (SOMEWHAT TYPICAL) Throw a DevResponseException or subclass of

DevResponseException to indicate that the frame forms a complete message
but indicates an invalid condition within the frame (perhaps a frame that
indicates a negative acknowledgement or NACK).

By throwing a DevResponseException or a subclass of DevResponseException,
the developer driver framework will know that the corresponding field-device is
not completely online. The particular request-response transaction will be
considered to be complete. No subsequent data frames will be passed to this
particular request's processReceive method.

WARNING: In the middle two scenarios, if you need to keep the bytes that are received
then it is important that you retain only a copy the frame's bytes. The frame's actual byte
array could be a direct reference to an internal buffer in the receiver.

7. Run slotomatic and perform a full build on your driver (as described in Chapter 2).

At this point, not only have you gained familiarly with your protocol and defined an outgoing request, you
have now told Niagara how to parse incoming data frames. You have also defined the incoming response class
and associated it with the outgoing request. Next, you will further associate the receiver that you created in
Chapter 4 to the device you created in Chapter 3 or to your driver's network class, which you will create in

chapter 7.
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Chapter 6 - Create Your Driver's Communicator Component

(And Plug Your Receiver Into It)

While following the examples in this chapter, please replace the text jarFileName, yourDriver and yourCompany
as previously described in the Preparation section):

1. Create a class named BYourDriverCommunicator that extends one of the following:

o com.tridium.ddfIp.tcp.comm.BDdfTcpCommunicator,

o com.tridium.ddfSerial.comm.singleTransaction.BDdfSerialSitCommunicator (for master-
slave serial protocols)

o com.tridium.ddfSerial.comm.mulitple Transaction.BDdfSerialMutCommunicator (for
multiple transaction serial or likely for wireless serial radio protocols).

o com.tridium.ddfIp.udp.comm.singleTransmaction BDdfUdpSitCommunicator (for master-
slave Udp/Ip protocols)

o com.tridium.ddfIp.udp.comm.multiple Transaction.BDdfUdpMutCommunicator (for
multiple transaction Udp/Ip or likely for wireless protocols where the Jace interfaces over
Udp/Ip to a wireless radio).

Choosing the proper class to extend could prove tricky. For Tcp/Ip protocols you should
always extend BDAfTcpCommunicator.

However for serial protocols (or wireless protocols where a wireless router or radio
connects to a serial port on the platform computer) then you will need to choose either
BDdfSerialSitCommunicator or BDdfSerialMutCommunicator. If your driver's protocol
is strictly master-slave in nature (that is, if your protocol indicates that the platform
computer transmits serial data onto the serial port at will but the field-devices will only
transmit in response to such a message) then you should extend
BDdfSerialSitCommunicator. If your driver's serial protocol is more complicated than
this then you should probably extend BDdfSerialMutCommunicator. You can certainly
modify this later if you change your mind.

Likewise, for Udp/Ip protocols you need to choose between a
BDdfUdpMutCommunicator or a BDdfUdpSitCommunicator. The choice depends on
the nature of the protocol. The same rules for choosing the Mut version as opposed to
the Sit version apply as for serial drivers, as explained in the previous paragraph.

2. Create the class in package com.yourCompany.yourDriver.comm.

o Ifyou decide to extend BDdfTcpCommunicator then please add an import statement to
import com.tridium.ddfIp.tcp.comm.;

o If you decide to extend BDdfSerialSitCommunicator then please add an import statement to
import com.tridium.ddfSerial.comm.singleTransaction.”;

o Ifyou decide to extend BDdfSerialMutCommunicator then please add an import statement
to import com.tridium.ddfSerial.comm.multipleTransaction.”;

o If you decide to extend BDdfUdpSitCommunicator then please add an import statement to
import com.tridium.ddflp.udp.comm.singleTransaction.”;

o If you decide to extend BDdfUdpMutCommunicator then please add an import statement to
import com.tridium.ddflp.udp.comm.multipleTransaction.”;
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To create the class for BYourDriverCommunicator, create a text file named
BYourDriverCommunicator.java in the jarFileName/src/com/yourCompany/yourDriver/comm
Jolder. Inside the text file, start with the text that follows. Please replace the right side of the extends clause,
if necessary, as described in the previous two paragraphs.

This example extends BDdfSerialSitCommunicator so it imports com.tridium.ddfSerial.comm.
singleTransaction.”;

3. Add a slotomatic statement with a properties declaration.
4. Redefine the property named receiver. The type must be BDdfReceiver. The default value should be an
instance of BYourDriverReceiver.

package com your Conpany. your Dri ver. conm

i mport javax. baj a. sys. *;

import comtridium ddf.conm def aul t Conm *;

import comtridium ddf Serial.conm si ngl eTransacti on. *;

public cl ass BYour Driver Comruni cat or
ext ends BDdf Seri al Si t Conmuni cat or

{
/*-
cl ass BYour Dri ver Cormuni cat or

{
properties

{

recei ver : BDdf Recei ver
-- Plugs yourDriver's customreceiver
-- into yourDriver's comuni cator
def aul t {[ new BYour Dri ver Recei ver ()]}

Y

5. Run slotomatic and perform a full build on your driver (as described in Chapter 2).
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Chapter 7 - Create a Device Folder and a Network Component

While following the examples in this chapter, please replace the text jarFileName, yourDriver and yourCompany as
previously described in the Preparation section):

Create a Device Folder Component For Your Driver

1. Create a class named BYourDriverDeviceFolder in package com.yourCompany.yourDriver
To do this, create a text file named BYourDriverDeviceFolder.java in the jarFileName/src/com/
yourCompany/yourDriver folder. Paste the following text into the BYourDriverDeviceFolder.java file:

package com your Conpany. your Dri ver;
inmport comtridium ddf.*;
import javax. baj a.sys.*;

public class BYourDriverDevi ceFol der
ext ends BDdf Devi ceFol der

{
/*-
cl ass BYour Dri ver Devi ceFol der

{

properties
{
}

}
o

2. Run slotomatic and perform a full build on your driver.

NOTE: The device folder is practically a formality in the Niagara AX
framework.

Create a Network Component For Your Driver

1. Create a class named BYourDriverNetwork in package com.yourCompany.yourDriver
To do this, create a text file named BYourDriverNetwork.java in the jarFileName/src/com/yourCompany/
yourDriver folder. Paste the text from one of the following examples into the BYourDriverDeviceFolder.java file.

2. If yourDriver is a serial (or serial-wireless) driver, make your class extend BDdfSerialNetwork and start with
the text that follows:
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package com your Conpany. your Dri ver;
inmport comtridium ddf Serial.*;

i mport com your Conpany. your Driver.comm *;
inmport javax.baja.sys.*;

public class BYourDriver Network
ext ends BDdf Seri al Net wor k

{
/*-
cl ass BYour Dri ver Net wor k

{

properties

{

}
}
-*/

3. If yourDriver is a Tcp/Ip driver whose driver protocol communicates directly to Tcp/Ip field-devices extend
BDdfTcpNetwork and start with the text that follows.

package com your Conpany. your Dri ver;
inmport comtridiumddflp.tcp.*;

i mport com your Conpany. your Driver.comm *;
import javax.baja.sys.*;

public class BYourDriver Network
ext ends BDdf TcpNet wor k

{
[ *-
cl ass BYour Dri ver Net wor k

{

properties
{
}

}

Y

4. If yourDriver is a Tcp/Ip driver whose driver protocol communicates directly to a field-gateway that has field-
devices attached to it then extend BDAfTcpGatewayNetwork and name the class
BYourDriverGatewayNetwork instead of just BYourDriverNetwork. Name the text file
BYourDriverGatewayNetwork.java too! Also, (only if using a field-gateway) update your device from chapter
3 and make it extend BDAfTcpDeviceBehindGateway instead of BDdfTcpDevice.

Start with the following text in BYourDriverGatewayNetwork.java:
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package com your Conpany. your Dri ver;
inmport comtridiumddflp.tcp.*;

i mport com your Conpany. your Driver.comm *;
i mport javax. baj a. sys.*;

public class BYourDriver Gat ewayNet wor k
ext ends BDdf TcpGat ewayNet wor k
{

/*-
cl ass BYour Dri ver Gat ewayNet wor k

{

properties
{
}

}
o

And then in this case, also change your driver's device (BYourDriverDevice.java like this:

package com your Conpany. your Dri ver;

inport comtridiumddf.identify.*;
import comtridiumddfSerial.*;
i mport javax. baj a.sys.*;

public class BYourDriverDevice
/1 NOTE: Repl ace BDdf TcpDevi ce wi th BDdf TcpDevi ceBehi ndGateway in the extends cl ause
ext ends BDdf TcpDevi ce BDdf TcpDevi ceBehi ndGat eway

/*-
cl ass BYourDriverDevice

{

properties
devi celd : BDdf | dPar ans
-- This plugs in an instance of yourDriver's

-- device id as this device's deviceld
default {[new BYourDriverDeviceld()]}

-*/

5. If yourDriver is a Udp/Ip driver whose driver protocol communicates directly to Udp/Ip field-devices extend
BDdfUdpNetwork and start with the text that follows.
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package com your Conpany. your Dri ver;
import comtridium ddflp.udp.*;

i mport com your Conpany. your Driver.conmm *;
inmport javax.baja.sys.*;

public class BYourDriver Net wor k
ext ends BDdf UdpNet wor k

{
[ *-
cl ass BYour Dri ver Net wor k

{
properties
{
}

}
o

6. If yourDriver is a Udp/Ip driver whose driver protocol communicates directly to a field-gateway that has
field-devices attached to it then extend BDdfUdpGatewayNetwork and name the class
BYourDriverGatewayNetwork instead of just BYourDriverNetwork. Name the text file
BYourDriverGatewayNetwork.java too! Also, (only if using a field-gateway) update your device from chapter
3 and make it extend BDdfUdpDeviceBehindGateway instead of BDdfUdpDevice.

Start with the following text in BYourDriverGatewayNetwork. java:

package com your Conpany. your Dri ver;
inmport comtridium ddflp.udp.*;

i mport com your Conpany. your Driver.comm *;
i mport javax. baj a. sys.*;

public class BYourDriver Gat ewayNet wor k
ext ends BDdf UdpGat ewayNet wor k
{
[*-
cl ass BYour Dri ver Gat ewayNet wor k
{
properties
{
}

}
Y

And then in this case, also change your driver's device (BYourDriverDevice.java like this:
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package com your Conpany. your Dri ver;

inmport comtridiumddf.identify.*;
inmport comtridium ddf Serial.*;
inmport javax.baja.sys.*;

public class BYourDriverDevice
/1 NOTE: Repl ace BDdf UdpDevi ce wi th BDdf UdpDevi ceBehi ndGat eway in the extends cl ause
ext ends BDdf UdpDevi ce BDdf UdpDevi ceBehi ndGat eway

[ *-
cl ass BYour Dri ver Devi ce

{

properties
{
devi cel d : BDdf | dPar ans
-- This plugs in an instance of yourDriver's
-- device id as this device's deviceld
default {[new BYourDriverDeviceld()]}

Y

7. Regardless of which sample code example you choose to start with in BYourDriverNetwork.java, add the
following methods to your network on the line immediately above the closing brace for the class:

public Type getDevi ceType()

{
return BYourDriverDevi ce. TYPE;

public Type get Devi ceFol der Type()
{

}

return BYourDriverDevi ceFol der. TYPE;

8. Open BYourDriverDevicejava and modify the getNetwork Type method to have it return BYourDriverNetwork.
TYPE or BYourDriverGatewayNetwork. TYPE (if you choose to use a Tcp/Ip gateway network for your
driver).

public Type get Net wor kType()
{

}

return BYour Driver Net wor k. TYPE;

9. Run slotomatic and perform a full build on your driver (as described in Chapter 2).
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Chapter 8 - Tie Your Driver's Communicator Component to
Your Driver's Tcp/Ip Device, Serial Network, or Tcp/
IpGateway Component.

While following the examples in this chapter, please replace the text jarFileName, yourDriver and yourCompany
as previously described in the Preparation section):

1. Redefine the communicator property as follows on your driver's Tcp Device, Tcp Gateway Network,
Udp Device, Udp Gateway Network or Serial Network (which ever one applies to your driver, if you
followed chapters 3 and 7 then only one of these three scenarios should apply):

o For a TCP or UDP device, your device component's slotomatic header should look
something like this:

/*-
cl ass BYour DriverDevi ce
{ .
properties
{
communi cator : BVal ue
- This plugs in an instance of yourDriver's
- conmuni cator onto the device to which
- the N agara station's platformw Il directly
- conmuni cat e.
def aul t{[ new BYourDriver Cormuni cator () ]}
}
}
-*/

o For a TCP or UDP gateway network, your gateway network component's slotomatic header
should look something like this:

/[ *-
cl ass BYour Dri ver Gat ewayNet wor k
{ .
properties
{
communi cator : BVal ue
- This plugs in an instance of yourDriver's
- conmuni cator onto the gateway network conponent.
- The N agara station's platformw || communi cate
- directly to the correspondi ng gateway unit on the
- field-bus.
defaul t{[ new BYourDriver Cormuni cator () ]}
}
}
-*/

o For a serial network, your serial network component's slotomatic header should look
something like this:
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/[ *-
cl ass BYour Dri ver Net wor k
{ .
properties
{
conmmuni cator : BVal ue
-- This plugs in an instance of yourDriver's
-- communi cator onto the serial network conponent.
-- The Niagara station's platformw ||l communicate
-- over a serial port that is configured on this
-- serial network. You can | ook at the property
-- sheet of this communicator to review the exact
-- settings.
def aul t{[ new BYourDri ver Conmuni cator () ]}
}
}
-*/

2. Run slotomatic and perform a full build on your driver (as described in Chapter 2).
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Day 1 - Review Your Progress

You may now begin testing your driver's functionality. Please do the following to create a station, add your driver to it, and run your
station:

Create a New Station in Workbench

1. To be sure that your driver is completely built, Run slotomatic and perform a full build on your driver (as described in Chapter
2).

2. If Workbench is open then please close it and re-open it (otherwise, it might not load the latest version of your driver).
3. On the Workbench main menu, click Tools and then click New Station. A window titled New Station Wizard should appear.

“. Niagara Workbench | (=]

Fle Edt  Search Bockmarks [Took| Window  Help

bR X[ o o
A 1
() BAChEE Service
E oy Shose blay page
[T Lom il Tool
ol Lorwvorks Service ate.
&§ Manage Credertisls
(G Maws Diiear

Py Madul
WI
B4 Request License
Resoiros Estimator
] Todo List
= Workbench Job Service
‘Workbench Sereice Manager

S| rﬁr-'r,- Rztwicrk
23 = Yty Host

4. Enter a name (such as TestStation) into the Station Name text box.

» New Station Wizard x|

Station Mame

Stakice Direckary
gz vmiegarernisgare-3. 0. 09y srarians)

pack || <onea || o Fnish || % cancel |

5. Click the Next button. On the next screen of the wizard, you may enter an administrator password if you wish. You may also
leave this blank if you'd rather.
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|
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| ®rack || o vea || rnish || % cancer |

6. Click the Finish button. The New Station Wizard window will then disappear.

7. Notice that the Workbench Nav tree has automatically navigated to a file named configbog that is directly under a folder with
the same name as the one you supplied for the station name. This is your station database. Your new station is in offline mode.
It is not actively running. It can still be configured though.

B config.bag {Station)
O | @ ey etwork TT=]| | -t © stwienname |

= B My Host : dema { dome) B | & Services Service Container
.lﬁmmm #| =T Crivers Cevvar Containes
= =3 My Rl System
= ﬂ"_‘rS‘:.lsl-me

+ 27 bin
+ [ certificates
+ £ dzemon
+ 7 files
+ [ help
+ET re
+ 27 leicon
+EJ b
+ 57 lenses
+ﬁm-:dd&':
+ [0 p
+ (£ registry
+ (] secwrity

111

+ S5 Drivers

Add Your Driver's Network to the New Station

1. Expand the config.bog file in the Nav tree.
2. Double-click the Drivers component. The Driver Manager should appear in the main Workbench view area.
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3. Click the New button that is located towards the bottom of the Driver Manager. A window titled New should appear. It has a
drop down list box named Type to Add and a text box named Number to Add.

4. Click the drop down list box and verify that a listing for your driver's network appears in the list. Hint: If the Java file for your
driver's network is named BYourDriverNetwork java then you should see a listing of Your Driver Network in the list.

5. Select your driver's network from the drop down list box.
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6. Click Ok. The New window disappears but another window titled New should appear.
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| ok || concel |

7. Click Ok. An instance of your driver's network has been added to the station. If you expand the Driver component below the
configbog file in the Nav tree you should see your network underneath. You should also see your network in the Driver

Manager's list.

Add Your Driver's Device to Your Driver's Network That You Added to

the New Station

1. Double click the new instance of your driver's network that you added to the station. You may double-click it in the Nav tree or
in the Driver Manager. The Device Manager for your driver should replace the Driver Manager in the main Workbench view

area.

You should see columns in the Device Manager that correspond to the names of the properties that you added to
BYourDriverDeviceld. This happens as a result of adding the slot facet MGR_INCLUDE to the deviceld property in

BYourDriverDevice java and then to the properties that you declared in BYourDriverDeviceld.java.

The following image shows the Device Manager for the Test Driver Network that the previous illustration added to the

TestStation.
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2. Click the New button that is located towards the bottom of the Device Manager.

o A window titled New should appear.

o This window should look nearly identical to the New window that appeared when you added your network to the new
station.

o This New window has a drop down list box named Type to Add and a text box named Number to Add.

' New T

Type toAdd | Bl Test Driver Device [ |
Numbertoddd[L |

o[t |

3. Click the drop down list box and verify that a single item is in the listing. The single item should be your driver's device. Hint: If
the Java file for your driver's device is named BYourDriverDevice.java then you should see a listing of Your Driver Device in the
list.

4. Select your driver's device from the drop down list box.

5. Click Ok. The New window disappears but another window titled New should appear. This window should have a text box or
drop down list box for each property that you declared in BYourDriverDeviceld with the MGR_INCLUDE slot facet.

Mame Type Unit Mumiser =

® TestDwwarDovice |Test Crivar Davice |0

(> Mame [Testhriverbevice

> Type [rest peiver Device|=]

ST —

| ok || concel |

6. Enter what you believe are reasonable values into the fields for your device id. Your goal should be to identify a field-device that
you would like your driver to access.

7. Click Ok. An instance of your driver's device has been added to the station. If you expand your driver's network component
(below the Drivers component of the config bog file) in the Nav tree you should see your device underneath. You should also see
your device in the Device Manager's list.
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Save your station

1. In the Nav tree, right click the config.bog file that is the station folder for your offline station.
2. Select Save from the pop-up menu. The following image illustrates this.

* Niagara Workbench (=]
Fil Edt Sesrch EBockmarks Toals  Window  Mansger  Help
@-o- 4 D8RS HBE|YHR G X RS
= = A [l [l Ei *= = TestDriverflstwork | 28 Test Cornpany Test Driver Device Manager =
= i Maw Database 1 objects
Mame Type Exts |Unit Number | B
k -
L3 @ My Wekror -] EJ TestDriverDevice  Tect Driver Device 0
+ £ demmppliznos o
- 57 Teststation
+ ¢ service|  VIEWS L
- Gﬁ]nrh-mj
= < Niag
_ETe ] close
+ B ¥ o
T
[ Paste
= [ ||:| vitualSerisPoct | Oy Duplicate
irualSarialPortServios él :‘ea'utc
Refirash Tres hiods
@Gﬁlm |ElﬂeanldEr"QHE-||_.:|EdFt|
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Run Your Station

1. Open a Niagara Console. You typically do this by clicking the Windows Start menu, hovering over programs, then hovering
over Niagara 3.2.8 (or whatever version of Niagara AX you are using), and selecting Console.

2. In the Niagara Console type station <NewStation> but replace <NewStation> with the name that you assigned to your station.
Press enter after you type this text.

d:\ Ni agar a- 3. 2. station TestStation

MESSAGE [ 12: 27: 22-Mar-07 EDT][sys.registry] Up-to-date [140ns]

MESSACE [ 12: 27: 22-Mar-07 EDT][sys] Baja runtine booted ("d:\niagara\niagara-3.2.8")

MESSAGE [ 12: 27: 22-Mar-07 EDT][sys.registry] Loaded [390ns]

MESSAGE [ 12: 27: 22-Mar-07 EDT][sys] Loading "d:\niagara\niagara-3.2.8\stations\TestStation\config.
bog". ..

MESSAGE [ 12: 27: 22-Mar-07 EDT][sys] Loaded (4166ns)

MESSAGE [ 12: 27: 22- Mar- 07 EDT] [ al arm dat abase] Created

MESSAGE [ 12: 27: 22-Mar-07 EDT][sys] Services Initialized (210ns)

MESSAGE [ 12: 27: 22-Mar-07 EDT][sys. m xin] Updated [Ons]

WARNI NG [ 12: 27: 22-Mar-07 EDT][platforn] Local daenpn session not available, station not started by
ni agar ad

MESSAGE [ 12: 27: 22-Mar-07 EDT] [web. server] HTTP Server started on port 80

MESSAGE [ 12: 27: 22-Mar-07 EDT][fox] Service started on port 1911

MESSAGE [ 12: 27: 22-Mar-07 EDT][sys] nre.version: 3.2.8

MESSACGE [ 12: 27: 22-Mar-07 EDT][sys] *** Station Started (832ns) [11938nms total] ***

ni agar a>

3. Your station program should begin executing. Your station is now online.

Connect to Your Online Station

1. Return to Workbench.
2. Click the File menu. Hover over the Open menu item. Select Open Station (fox) in the side-menu that appears. A window
titled Open Station should appear.
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3. Leave the Host empty. That will cause it to default to the local host, which is your Workstation (personal computer).

4. For User enter admin (all lower case)
5. For Password either leave empty or enter the administrator password that you entered back when you created the station.

6. Click Ok.
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7. The Open Station window should disappear. After collapsing the My File System item that is in the Workbench Nav tree, the
Nav tree should look something like the following image.

- E My Hosk @ (TestStation)
+ ﬁ% My Modules
+ = My File Syskem
+ B station (TestStation)

8. Expand the online station component that appears under your host in the Nav tree.
9. Expand the Config component of your station.
10. Expand your driver's network that is under the Config component in your station.

“ Niagara Workbench N I (=] ES

Fle  Edt Search Bookmarks  Tools  Window  Help

-2 |0 QMR |F-HEDR| Y HR X
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+ = My File System 25 History  Hiskory database
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+ 51 Miagarakiebwark,
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]

Configure the Communications Settings For Your Driver

1. If you created a serial device or a Tcp/Ip gateway device during the day's lesson then right-click your driver's network in the
Nav tree.

2. If you created a regular Tcp/Ip device (not a Tcp/Ip gateway device) during the day’s lesson then expand your driver's network
in the Nav tree and then right-click your driver's Tcp/Ip device.

3. After right-clicking, hover over the Views menu item. A side-menu should appear.

4. Click Property Sheet in the Views side-menu.
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5. The main Workbench view are should now display the properties for the component that your right-clicked.
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6. Notice the Communicator component appears in the Property Sheet. Expand it in the Property Sheet by clicking the plus sign
that is next to it.

7. Expand the Serial Port Parameters or the Tcp Ip Parameters property (which ever one is present) and enter the correct serial
settings (such as comm. port, baud rate, etc.) or the correct Tcp/Ip settings (i.p. address and port of a field-device or field-
gateway).
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WARNING: To stop your station, type quit in its console window. Failure to do so will likely discard any modifications that you made to
the station while it was online.

The station will automatically, periodically ping your device. You can also right-click your device and invoke the ping action.

To review the data that your driver is transmitting and receiving

1. Right click the station in the Nav tree.
2. Click Spy.
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3. Click logSetup in the main Workbench view that appears.
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4. Notice that there is an entry for your network or device. Activate trace for it by clicking the [Q] that is in the Trace column.
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5. Save the log settings.
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6. Then you will see in the station's standard output a summary of all bytes being sent and received.

It might take some testing to verify that your driver is indeed transmitting the correct bytes to your field device and that your field device
is indeed responding as expected.
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Congratulations! You now have a driver with a network and a device that communicates!
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Day 2 - Reading Data Points

During the lesson for day 1, you created a ping request, device id, device, receiver, communicator, network, and
ping response. This allowed you to use the developer driver framework to model your driver's device in Niagara
AX and allow Niagara AX to automatically ping the actual device on the field-bus and then report whether the
status of the device is ok or down. After completing the lesson for day 2, you will have driver control points
that Niagara AX will automatically poll (to pull point values into Niagara AX). The process of doing this will be
similar to what you followed on day 1.

Definitions:
field-bus
A network that connects equipment together.
field-device
A single unit of external equipment that is connected to a field-bus.
driver device
A special component in the Niagara AX framework that virtually represents a field-device.
point value
Individual data measurement or setpoint that a field-device makes externally available to other field-
devices or equipment for read and/or write access using field-bus communication.
driver control point
A special component in the Niagara AX framework that virtually represents a point value.
frozen property
A special kind of Niagara AX property on a Niagara AX component that (among other benefits) you
can easily access from Java source code.

Chapters - Day 2

. Chapter9

. Chapter 10
. Chapter 11
. Chapter 12
. Chapter 13
. Chapter 14
. Chapter 15

. Chapter 16
. Conclusion
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Chapter 9 - Create a Read Request For Your Driver

The developer driver framework will use your driver's read request to automatically read point values from a
field-device and introduce them into the rest of the Niagara AX framework. Point values are represented
virtually as a control point. Please follow these steps to create a read-request for your driver.

While following the examples in this chapter, please replace the text jarFileName, yourDriver and yourCompany
as previously described in the Preparation section):

1. Review your equipment's protocol documentation again. If you are working directly for the
manufacturer of the equipment, then they should be able to provide you with one or more documents
that describes the way in which the equipment communicates, plus the structure of the data that the
equipment expects to see on the field-bus. If you have purchased this equipment then you will need to
negotiate with the equipment's manufacturer in order to gain access to the equipment's protocol.

2. Pick a message from your protocol that retrieves one or more data point values that you are interested
in. After reviewing the equipment's protocol documentation, choose a message from the protocol that
looks like the simplest message that accomplishes this task.

Some protocols provide several messages that read point values. Some messages read point values as
well as details about the point. For now, please only concern yourself with retrieving the actual value
of the point, such as a single temperature value or other measurement. Please defer your concerns
about retrieving extra information about the data point, such as engineering units (for example -
whether it is Fahrenheit or Celsius) until later.

3. Make a Java class that extends BDdfReadRequest. Name it BYourDriverReadRequest. Create this in
the package named com.yourCompany.yourDriver.comm.req. Also add an empty slotomatic
comment immediately after the opening brace for the class declaration.

To do this, create a text file named BYourDriverReadRequest.java in the jarFileName/src/com/
yourCompany/yourDriver/comm/req folder. Inside the text file, start with the following text:

package com your Conpany. your Dri ver.conm reg;

i mport javax. baj a. sys. *;
import javax.baja.io.*;

import comtridiumddf.conm *;
import comtridiumddf.commreq.*;
import comtridiumddf.commrsp.*;

i mport com your Conpany. your Driver.identify.*;
i mport com your Conpany. your Dri ver.commrsp. *;

public cl ass BYourDriver ReadRequest
ext ends BDdf ReadRequest

{
[*-
cl ass BYour Dri ver ReadRequest

{

}
Y

4. Override the toByteArray method. Build the byte array following your protocol's read message.
Inside the body of the toByteArray method, you will need to construct a Java byte array and return it.
The next step will further describe how to do this.
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To add the toByteArray method, add the following lines of text after the slotomatic comment of the class:

public byte[] toByteArray()

{
}

5. Assume that any data you need that is unique to your protocol message for reading data points is the
value in a frozen property on another class that extends BDdfReadParams. This other class is called
the read parameters structure. It is very similar to the device id structure that was automatically
available to the ping request during yesterday's lesson. Just like the ping request class, the read request
automatically has access to a copy of the device id structure. In addition, the read request class
automatically also has access to a copy of your driver's read parameters structure.

Please do not be overwhelmed at the mention of this. Suffice it to say, you will soon create another
class that we will call the read parameters structure. On this class, you will define one or more frozen
properties that contains the information necessary, other than information about the device itself --
which you already placed in your device id structure, to transmit a request to read one or more data
values from a field-device.

As mentioned during the lesson for day 1, frozen properties are a special kind of Niagara AX property
on a Niagara AX component that you can easily access from Java source code. In subsequent chapters,
you will make the class for the read parameters structure. For now, please proceed as though you
have already created it.

In light of all this discussion, please finish updating the toByteArray method to return a byte array that
matches the description that your protocol document defines for the message that you chose to be the
read request. Please follow this example as a guide:

public byte[] toByteArray()

{
/'l In the dev driver framework, all requests are automatically
/'l Assigned a deviceld when they are created. In addition to the
/'l Deviceld, read requests are automatically assigned an instance
/Il O a Read Paraneters structure when they are created. The dev
/1l Driver framework calls the toByteArray nmethod (function) after
/Il 1t creates the read request, therefore this particul ar request
/'l Has al ready been assigned a device id and read paraneters
/'l structure. The deviceld will be an instance of BYourDriverDeviceld,
/'l The readParaneters structure will be an instance of
/'l BYourDri ver ReadPar anet ers.
/1 That is how dev driver works! This happens automatically for
/'l Your conveni ence!

BYour Dri ver Devi cel d deviceld =
(BYour Dri ver Devi cel d) get Devi cel d() ;

BYour Dri ver ReadPar ans readParans =
(BYour Dr i ver ReadPar ans) get ReadPar anet er s() ;

final byte SOH = 0x01;

final byte EOT = 0x04;

/'l In this hypothetical exanple, the protocol document woul d
/1 Indicate that all requests start with a hex 01 byte and

/1l Al requests end with a hex 04 byte.

/'l So, after the hex 01, the protocol expects a nunber between
/1 0 and 255 to identify the device, followed by sone ASCI I

/'l Characters ("read anal og outputs", "read anal og inputs".

/'l "read digital outputs", or "read digital inputs" in this

/'l case), followed by the hex 04 term nator byte.

/'l ByteBuffer is a standard Niagara AX utility class in package
/'l javax.baja.io
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/] Let's use it to help us build the byte array that we will return
Byt eBuf fer bbuf = new ByteBuffer();

/Il Wites the hex 01 start character to bos, our byte buffer.

bbuf . write(SOH);

// Wites the unit nunber onto bbuf, our byte buffer.

bbuf . write(devi cel d. get Uni t Nunber ());

/Il Wites the ASCII bytes for the word "read" followed by a space to
/'l bbuf, our byte buffer.

bbuf . writeBytes("read ");

/'l Wites the ASCII bytes for the value of the "type string" frozen
/'l property that will be on our read paraneters structure. Wites
/'l this to bbuf, our byte buffer. For this sanple driver, we

/1l will create on our driver's read paraneters structure a frozen
/'l property called typeString. The value in this property is a

/] string. It will either be the string "anal og" or "digital".
bbuf . wri t eByt es(readPar ans. get TypeString());

/'l Wites the ASCI|I byte for a space character. Note, we are

/'l Fol | owi ng our hypothetical driver's protocol structure.
bbuf . write(' ");

/Il Wites the ASCII bytes for the value of the "direction" frozen
/'l Property that will be on our read paraneters structure. Wites
/1 This to bbuf, our buffer of bytes. For this sanple driver,

/1l W will also create on our driver's read paraneters structure
/'l A frozen property called direction. The value in this property
/'l Is a string. It will either be the string "outputs" or "inputs".
bbuf . writ eByt es(readParans. get Direction());

/'l Wites the byte that according to our hypothetical protocol,

/'l Indicates the end of the nmessage on the field-bus.

bbuf . write( EOT) ;

/'l Converts the byte buffer into an actual Java byte

/'l Array and returns it.

return bbuf.toByteArray();

6. Override the processReceive method and return a new instance of your read response class (to be
created in a subsequent chapter).
To recap part of day 1's lesson, the developer driver framework calls the toByteArray method
(function), transmits the resulting byte array onto the field-bus, looks for incoming data frames, and
passes them to this method (until this method returns a response (not null), throws an exception, or
times out.

Please implement the processReceive method as follows:

publ i ¢ Bl Ddf Response processRecei ve( | Ddf Dat aFrame recei veFr ane)
t hrows Ddf ResponseExcepti on

{

return new BYour Dri ver ReadResponse(recei veFrane) ;

}

NOTE:When adding methods (functions) please add them to the bottom of your class
file (just above the closing squiggly brace). This is to ensure that you do not add your
function into the section towards the top of the class that is reserved for the source code
that the slotomatic utility automatically generates. Accidentally placing code up there
could result in the code being lost when you run the s/ot.exe program.
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Chapter 10 - Create a Read Parameters Structure For Your
Driver

In the previous chapter, you created a read request. We asked you to construct a byte array and return it from
your read request's toByteArray method. We asked you to assume that a read parameters structure contained
any information, other than information about the device itself, that you would need in order to construct a
request message from your driver's protocol -- that is, a request message that asks a field-device for one or more
data values.

This chapter will guide you through the creation of the read parameters structure.

While following the examples in this chapter, please replace the text jarFileName, yourDriver and yourCompany
as previously described in the Preparation section):

1. Review your read request's toByteArray method.

2. Make a Java class that extends BDdfReadParams. Name it BYourDriverReadParams. Create this in
a package named com.yourCompany.yourDriver.identify. Also add an empty slotomatic comment
immediately after the opening squiggly brace for the class declaration.

To do this, create a text file named BYourDriverReadParams.java in the jarFileName/src/com/
yourCompany/yourDriver/identify folder. Inside the text file, start with the following text:

package com your Conpany. yourDriver.identify;

i mport javax. baj a. sys. *;

inmport comtridiumddf.identify.*;

i mport com your Conpany. your Dri ver.commreq. *;

public cl ass BYourDriver ReadPar ans
ext ends BDdf ReadPar ans

{
/*-
cl ass BYour Dri ver ReadPar ans

{

}
Y

3. Add a properties section to the slotomatic header and declare properties for any values that you
needed in order to make the toByteArray method (function) in your read request.
In our hypothetical example, we required two string properties. In the example toByteArray method, we
accessed these by calling the get TypeString and getDirection methods. We designed the code for the
toByteArray method (function) like this because we planned that when creating the read parameters
structure, we would add these properties to it. We understood that by naming these two properties
typeString and direction that the Niagara AX slotomatic utility would automatically generate a
getTypeString method and a getDirection method.

Please make the slotomatic statement on your read parameters structure look something like this:
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/*-
cl ass BYour Dri ver ReadPar ans
{
properties
{
typeString : String
-- This property has nothing to with the dev
-- driver framework itself. Instead, we need
-- to construct the toByteArray nethod of the
-- driver's read request in follow ng the
-- driver's protocol to read data val ues.
def aul t{[ "anal og"]}
sl ot f acet s{[ MGR_| NCLUDE] }
direction : String
-- This property has nothing to with the dev
-- driver framework itself. Instead, we need
-- to construct the toByteArray nethod of the
-- driver's read request in follow ng the
-- driver's protocol to read data val ues.
def aul t{[ "out puts"]}
sl ot f acet s{[ MGR_| NCLUDE] }
}
}
Yy

NOTE: Providing the slotfacet of MGR_INCLUDE on each of these properties will cause them to
automatically appear in your point manager for your driver.

4. Override the getReadRequestType method and return the TYPE of your driver's read request.
Please note that we have not yet asked you to run the slotomatic utility today, therefore, the java file for
your read request class file might not yet have a TYPE constant (unless you ran the slotomatic utility
on your own). The Niagara AX slotomatic utility will automatically add the TYPE constant to that file,
and the java files for the other classes that you will be creating today. Do not worry, we will ask you to
run the slotomatic utility and the build utility at the end of the next chapter.

Add the following code to BYourDriverReadParams.java:

publ i c Type get ReadRequest Type(){return BYourDri ver ReadRequest . TYPE; }
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Chapter 11 - Create a Read Response For Your Driver

In a previous chapter from today's lesson, you created a read request. We asked you to return an instance of
BYourDriverReadResponse from your read request’s processReceive method (function). In this chapter you will learn how to code
your read response class.

While following the examples in this chapter, please replace the text jarFileName, yourDriver and yourCompany as previously
described in the Preparation section):

1. Review your equipment's protocol documentation (again), especially where it describes the structure of the field-bus
message that will be sent in reply to the read request that you constructed in a previous chapter of today's lesson.
If you are working directly for the manufacturer of the equipment, then they should be able to provide you with one or
more documents that describes the way in which the equipment communicates, plus the structure of the data that the
equipment expects to see on the field-bus. If you have purchased this equipment then you will need to negotiate with the
equipment's manufacturer in order to gain access to the equipment's protocol.

2. Determine exactly which data values are returned in the response. If there are more than one then determine exactly how
to extract the value for any particular data value in the response.

3. Some protocols provide several messages that read point values. Some messages read point values as well as details about
the point. For now, please only concern yourself with retrieving the actual value of the point, such as a single temperature
value or other measurement. Please defer your concerns about retrieving extra information about the data point, such as
engineering units (for example - whether it is Fahrenheit or Celsius) until later.

4. Make a Java class that extends BDdfResponse and implements BIDdfReadResponse. Name it
BYourDriverReadResponse. Create this in a package named com.yourCompany.yourDriver.comm.rsp. Also add an
empty slotomatic comment immediately after the opening brace for the class declaration.

To do this, create a text file named BYourDriverReadResponse.java in the jarFileName/src/com/yourCompany/yourDriver/
commy/rsp folder. Inside the text file, start with the following text:

package com your Conpany. your Driver.conm rsp;

i nport javax. baj a. sys. *;
i nport javax. baj a.status.*;

i mport comtridium ddf.comm *;
import comtridiumddf.commrsp.*;
import comtridiumddf.commreq.*;

i nport com your Conpany. yourDriver.identify.*;
i nport com your Conpany. your Dri ver. poi nt. *;

public class BYourDriver ReadResponse
ext ends BDdf Response
i npl ement s Bl Ddf ReadResponse
{
[ *-
cl ass BYour Dri ver ReadResponse
{

}
i

5. Add a constructor that takes one parameter that is an IDdfDataFrame:

A constructor is a special method (function) that is called when a particular instance of the class
is allocated. To put this in perspective, the processReceive method that you coded in the
previous chapter, will call the constructor on the read response class that you are creating in this
chapter. Moreover, the processReceive method will pass in the IDdfDataFrame that it received
from the dev driver framework. An IDdfDataFrame is essentially a byte array wrapper. In effect,
your read request from the previous chapter will pass the bytes of the response into your read
response's constructor.
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To add this constructor, add the following lines of text after the slotomatic comment of the class: >

publ i c BYourDriver ReadResponse( | Ddf Dat aFr ane recei veFr ane)
{
}

You will need to make a copy of the bytes in the given data frame, since it could be a transient part of an
internal buffer used in the dev communicator. Declare a byte array on the line that is immediately above the
constructor. The byte array will hold a copy of the bytes that are passed to the constructor inside the
IDdfDataFrame.

private byte[] receiveBytes;

Use the following code as the constructor that you already started making;

private byte[] receiveBytes; // This is popul ated by the constructor
private BYourDriver ReadParaneters readParans; // This is popul ated by the constructor
/**
* This constructor is called by the processRecei ve nethod of
BYour Dr i ver ReadRequest .

*
*
* @arama reference to the data frane that matches up with
* the request that was recently transmitted. The byte array
* in this frame could be a direct reference to the dev
* communi cator's receiver's internal byte array so this
* constructor copies the bytes into a safe instance array.
* @arama reference to the read paraneters structure that the
* read request used to construct its own byte array.
*/
publ i ¢ BYour Dri ver ReadResponse( | Ddf Dat aFr ane recei veFranme, BYour Dri ver ReadPar ans
readPar ans)
{ // W will use the read paraneters reference nore for point discovery
/1l (to be discussed nmuch later in the tutorial)
t hi s. readParans = (BYour Dri ver ReadPar ans) r eadPar ans. newCopy( ) ;
/1 This copies the bytes of the internal receive buffer
// Into a copy that is accessible to any other non-static
/1 Functions on this class.
byte[] receiveBuffer = receiveFrane. get FraneBytes();
int receiveLength = recei veFrane. get FraneSi ze();
/1 Allocates our own byte array to hold the copy
recei veByt es=new byt e[ recei veLengt h];
/1 Copies each byte fromthe receiveBuffer into our own
/1 Safe array nanmed receiveBytes.
for (int i=0; i<receivelLength;i++)
recei veBytes[i]=recei veBuffer[i];

6. Also add an empty constructor. An empty constructor might be required with future implementations of the developer
driver framework in order to possibly allow client-side proxy copies of the request (if you do not understand what "client-
side proxy" means -- you are not expected to know this -- then do not despair, please just keep this in the back of your mind
and simply add the empty constructor.)

/**

* This enpty constructor allows N agara AX to instantiate
* a client-side proxy of this request. It is not presently
* used but could be required in future versions of the

* devel oper driver franmework.

*/

publ i ¢ BYour Dri ver ReadResponse()

{

}

7. Please add a public method (function) named parseReadValue that takes one parameter, an IDdfReadable, and returns a
BStatusValue. For now, please make this method return null. We will revisit this in a subsequent chapter of today's
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lesson. This method satisfies the BIDdfReadResponse interface.

publ i c BStatusVal ue parseReadVal ue(| Ddf Readabl e r eadabl eSour ce)

{

return null;

}

8. Run slotomatic and perform a full build on your driver (as described in Chapter 2).
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Chapter 12 - Create a Proxy Extension For Your Driver

As discussed in the introduction before the first day's lesson, the Niagara AX framework uses something called
a driver control point to represent a data value that is inside an external unit of equipment. It is now time to
take this discussion one step forward.

Niagara AX control points have a frozen property on them named proxyExt. Drivers define the external
behavior of Niagara AX control points by defining a proxy extension component. The developer driver
framework automatically places an instance of your driver's proxy extension onto Niagara AX control point
components, as necessary, for your convenience. Therefore, all you need to do is follow this procedure to make
this happen automatically:

While following the examples in this chapter, please replace the text jarFileName, yourDriver and yourCompany
as previously described in the Preparation section):

1. Make a Java class that extends BDdfProxyExt. Name it BYourDriverProxyExt. Create this in a
package named com.yourCompany.yourDriver.point. Also add an empty slotomatic comment, with
an empty properties section immediately after the opening brace for the class declaration.

To do this, create a text file named BYourDriverProxyExt.java in the jarFileName/src/com/yourCompany/
yourDriver/point folder. Inside the text file, start with the following text:

package com your Conpany. your Dri ver. poi nt;
i nport javax. baja.sys.*;

import comtridiumddf. point.*;
inmport comtridiumddf.identify.*;

i mport com your Conpany. yourDriver.identify.*;

public class BYourDri ver Pr oxyExt
ext ends BDdf Pr oxyExt
{
[ *-
cl ass BYour Dri ver Pr oxyExt
{ .
properties
{
}

}
Y

public Type get Devi ceExt Type()

{ I/ You will need to return BYourDriver Poi nt Devi ceExt
/'l After you create it in a subsequent chapter. For
/'l Now, please return null to satisfy the conpiler.
return null;
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NOTE: BDdfProxyExt, the ancestor of BYourDriverProxyExt, has already defined a
property called readParameters and a property called pointld. You need to redefine
those two properties and change the default value to be an instance of the corresponding
classes in your driver.

In one of the previous chapters of today's lesson, we showed you how to create the read
parameters structure. We also explained that the read parameters structure tells an
instance of your driver's read request how to construct the byte array that it must return
from its toByteArray method (function).

Also, in a previous chapter of today's lesson, we showed you how to create the read
response but had you simply return null from the parseReadValue method of your read
response. In a subsequent chapter of today's lesson, we will show you how to finish
defining the parseReadValue method of your read response. It is time that we give you a
little more explanation about that.

Please recall that the parseReadValue method is passed an instance of IDdfReadable.
All proxy extensions in the developer driver framework implement this Java interface. In
fact, the developer driver framework will make one or more successive calls into your
read response's parseReadValue method (function). The developer driver framework
will call this method on your response one or more times, once for each driver control
point that is under the same device from your driver and that shares the equivalent read
parameters structure. The framework will pass the proxy extension itself, cast as an
IDdfReadable, into the parseReadValue method (function) of your read response.

2. Redefine the readParameters property to use your driver's read parameters structure.
Declare an instance of your driver’s read parameters as the default value for the readParameters property:

[*-
cl ass BYour Dri ver Pr oxyExt
{ .
properties
{
readPar aneters : BDdf | dPar ans
-- This hooks your driver's read paraneters structure into the
- proxy extension that is placed on control points that are
- under devices in your driver. The read paraneter's structure
- tells the dev driver framework which read request to use to
- read the control point. It also tells your read request's
toByteArray nmethod how to construct the bytes for the request.
def aul t {[ new BYour Dri ver ReadPar ans()] }
sl ot f acet s{[ MGR_| NCLUDE] }
}

}
-*/

3. Redefine the pointld property to use the point id class from your driver (to be created soon).
Even though you have not yet created it, we will show you how to create the point id in a subsequent
chapter of today's lesson.
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[*-
cl ass BYour Dri ver Pr oxyExt
{ .
properties
{
readPar aneters : BDdf | dPar ans
Thi s hooks your driver's read paranmeters structure into the
proxy extension that is placed on control points that are
under devices in your driver. The read paraneter's structure
tells the dev driver framework which read request to use to
read the control point. It also tells your read request's
-- toByteArray nethod how to construct the bytes for the request.
def aul t{[ new BYour Dri ver ReadPar ans()] }
sl ot facet s{[ MGR_| NCLUDE] }
pointld : BDdf | dPar ans
-- This tells your read response's parseReadVal ue net hod how to
-- extract the data value for a particular control point.
def aul t{[ new BYourDriverPointld()]}
sl ot f acet s{[ MGR_| NCLUDE] }
}
}
Y

NOTE: Providing the slotfacet of MGR_INCLUDE on each of these structured properties will cause
any of their properties that are flagged with MGR_INCLUDE to automatically appear in your point
manager for your driver.

4. Run slotomatic with the -7 switch and resolve any slotomatic compiler errors. Do not perform an
actual build on your driver yet (this class is not yet ready to be fully compiled).

5. A couple more classes are required before you will be able to successfully perform a full build on your
driver. One of these is the point id, which we mentioned briefly in this chapter. The other is the point
device extension, which is very simple to create. Next, we will show you how to create these both.
After that, we will have you finish creating your proxy extension.
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Chapter 13 - Tell Your Read Response How to Read the Value
For Your Driver's Proxy Ext

In the previous chapters of today's lesson, we showed you how to create your driver's read response class. We also
helped you start creating your driver's proxy extension class. Please recall from the chapter where you created the
read response that we asked you to make the parseReadValue method (function) return null. Please also recall that
in the previous chapter we mentioned that the IDdfReadable that is passed to the parseReadValue method
(function) of your read response will be an instance of your driver's proxy extension. With all of this being explained,
it is now time to finish writing the parseReadValue method of your driver's read response.

While following the examples in this chapter, please replace the text jarFileName, yourDriver and yourCompany as
previously described in the Preparation section):

Please Modify BYourDriverReadResponse.parseReadValue As Follows:
1. Verify that the given IDdfReadable is an instance of BYourDriverProxyExt. If not then simply return null.
2. Cast the given IDdfReadable to BYourDriverProxyExt.
3. Getareference to the pointld from the given proxy extension and cast it to BYourDriverPointId.
Do not worry that you have not yet created the BYourDriverPointld class. We will show you how to create it in
the next chapter.

4. Plan that any information you would need to determine the current value of the given proxy extension is
available from your driver's point id (such as an offset into the response frame's byte array or some
information that will allow you to determine said offset).

Just as you created your driver's read parameters structure for the purpose of helping you to
create the toByteArray method in your read request, you will likewise create your driver's
point id for the purpose of helping you to retrieve a particular control point's value from the
corresponding read response.

5. Perform whatever computation and lookup is necessary, from the byte array copy that you made in the
constructor of this class, in order to retrieve the correct, current value for the control point that the given
proxy extension belongs to. Use the information that you will encode in your point id to determine this.
Please use this hypothetical example as a guide:

/1 The follow ng inports are for our particular inplenmentation
/'l O the parseReadVal ue(| Ddf Readabl e) net hod. Different

/1 Drivers mght need to inport these or other classes to

/| Customdefine the parseReadVal ue(| Ddf Readabl e) net hod.
import java.util.?*;

i nport javax. baja.control.*;
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[l Ve will

/| parseReadVal ue net hod.
private String[] rawvalues = null;

publ i c BStatusVal ue parseReadVal ue(| Ddf Readabl e readabl eSour ce)
{ I/l Verify that the given readabl eSource is an instance of your

/1

driver's proxy extension

use this array to optimze our inplenentation of the

if (readabl eSource instanceof BYourDriverProxyExt)
{ /Il Casts the given readabl eSource into a BYourDriver ProxyExt

/**
* This nethod is called by the parseReadVal ue nethod. It is not a
requirenent for the dev driver franework. Rather, we decided
that we needed this method in order to support our own |ogic

in the parseReadVal ue net hod.

*

*

*

*

/

BYour Dri ver ProxyExt proxy

= (BYour Dri ver ProxyExt ) readabl eSour ce;
/] Cets the point id of the given proxy

BYour Dri verPointld pointld

= (BYour Dri ver Poi nt | d) proxy. get Poi nt1d();
/1 1n our hypothetical protocol, the read request asks to read

/'l either anal og or digital

outputs or inputs. The field device

/1 Has up to 30 analog or digital outputs or inputs. The read

/| Response returns all of

the correspondi ng val ues that were

/'l Requested inside a comma delimted string. The substrings in

/| between the commas are signed integers for anal og val ues or

/1 The text "on" or "off" for digital val ues.

if (rawval ues==null) // Parses each of the values fromthe
parseRawval ues(); // receive frane into a string array.

/1 Calls the get ReadVal ue nethod that takes an int as a

// Param We created this nethod for our own conveni ence. The

/| getReadVal ue is private
[/ framework. |t exists onl

and not part of the devel oper driver
y to hel p us keep this nethod short.

return get ReadVal ue(proxy, poi ntld);

se

return null;

private void parseRawal ues()

{

St

/] Prepares to count the nunber of substrings in commaDelinitedString

The response frame contains a hex 02 character, followed by
The device's unit nunber as one byte, followed by an ASCl |
Commae delimted string, followed by a hex 04 character.

Makes a string fromthe bytes that were in the received franme
Starting at location 2 (the third byte since Java arrays
Start at index 0). The new string will be parsed starting at
Location 2 of the receiveBytes and including as nany bytes as
The length of the receiveBytes array mnus 3 bytes -- those

Three bytes bei ng ski pped

are the hex 02 char, the unit nbr,

And the hex 04 terminating char.

ring comrabDel imtedString
= new String(receiveBytes,

int nunval ues = 0;
StringTokeni zer is a standard Java utility class that makes it
/1 Loops through a string by tokens. Qur string tokenizer

/1

/1
St

W1l split up the commaDel

ri ngTokeni zer t = new StringTokeni zer (conmaDel i mitedString,",");

2, receiveBytes.length-3);

imtedString based on comma chars.

/1 Loops through the comma delimted string and counts the nunber
/'l O substrings that are in between commas
whil e (t.hasMoreTokens())

{

nunVal ues = nunVal ues + 1;
/'l Consunes the token to al
t. next Token();

low us to loop to the next one
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}

/1 Allocates an
rawval ues = new

array to hold each individual raw val ue

Stri ng[ nunval ues] ;

/] Uses the following int to index into rawal ues in the next |oop

int offset = 0;
/'l Loops again t
/1 1n the comma

hrough all of the substrings that are between commas

delimted string

t = new StringTokenizer(conmaDel i mitedString,",");
while (t.hasMoreTokens())

{

rawval ues[ of f s

et] =t. next Token();

of fset = of fset+1;

/1 NOTE: Now we can retrieve the string for any particul ar val ue by

/1 Directly indexing into the rawval ues array.

| **

*

*

L R O T R T R R R R

We call this nethod ourselves fromthe parseReadVal ue net hod.
It is not required by the devel oper driver framework, instead, we
decided to create this nethod in order to shorten the

par seReadVal ue

nmet hod.

This nethod | ooks up the string value for the given offset and

returns it as a BStatusVal ue that

proxy extension

"s driver control point.

is appropriate for the given

@aram a reference to the BYourDriverProxyExt to parse the read

val ue for.

@aram a reference to the BYourDriverPointld to use to tell us

how to parse the read value fromthe response bytes.

@eturn a BStat

point type. If
or BNunericPoin
represents the

this returns a
of the point. |
or BEnunPoint t
current value o
BSt ri ngPoi nt or
that represents
ver bose descrip
/

usNuneri c, BStatusBool ean, BStatusEnum or

BStat usString that appropriately natches the proxy's control
the proxy's control point is a BNunericWitable
t then this will return a BStatusNumeric that
present value of the point. If the proxy's
control point is a BBooleanWitable or a BBool eanPoi nt then

BSt at usBool ean that represents the current val ue
f the proxy's control point is a BEnunWitable
hen this returns BStatusEnum that represents the

f the point. If this proxy's control

point is a

BStringWitable then this returns a BStatusString
the current value of the point. Sorry for the

tion.

private BStatusVal ue get ReadVal ue(BYour Dri ver ProxyExt proxy,
BYour DriverPointld pointld)

{

/] Gets the raw value at the index for the given proxy
create our pointld, we will give it an int property naned of fset

/1 NOTE: When we
String sRawval ue
/1l Normalizes th
int i Rawal ue =
if (sRawval ue. eq

i Rawval ue = 1;
else if (sRawval

i Rawval ue = 0;
el se

i Rawval ue = In

= rawval ues[ pointld. getOffset()];
e string raw value into an int
0;
ual sl gnoreCase("on"))

ue. equal sl gnoreCase("of f"))

t eger . par sel nt (sRawval ue) ;

/1l Waps i Rawal ue into a BStatusVal ue of the appropriate type

/'l For the contr
BCont r ol Poi nt co
/] Checks if the
/1 Point conpone
if (control Point
{ /] This is all

ol point
ntrol Poi nt = proxy. get Parent Poi nt () ;

control point is a Nuneric Witable or Nuneric

nt.
i nstanceof Bl Nureri c)
we need to do! Any scal es, offsets,
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/'l Conversions are handl ed by other parts of N agara. W just

/1 Need to return a raw representati on here.

return new BStatusNumeri c(i Rawval ue);
}
/'l Checks if the control point is a Boolean Witable or a Bool ean
/1 Point conponent. NOTE: We nust check bool ean before enum because
/1 a BlBoolean is also a Bl Enunl
else if (control Point instanceof Bl Bool ean)
{ // This is all we need to do. Any polarity conversion is

/| specified and handl ed el sewhere in N agara AX

return new BSt at usBool ean(i Rawval ue>0);
}
/'l Checks if the control point is an Enum Witable or an Enum Poi nt
/| conponent .
else if (control Point instanceof BIEnum
{ /Il A slight extra step is inperative for Enum Points to preserve

/] any dynam ¢ enumrange (text to ordinal mapping).

BSt at usEnum e = (( BEnunPoi nt) control Poi nt). get Qut () ;

return new BSt at usEnun{ BDynami cEnum make(

(int)Math. round(i Rawval ue),
e. get Val ue() . get Range()));

else if (control Point instanceof BStringPoint)
{
return new BStatusString(sRawal ue);

}

el se

throw new ||| egal StateException(
"Unsupported control point type: "+
control Poi nt. get Type() +"! Pl ease have ny program fixed.");

6. Proceed to the next chapter without performing a build on the response. The response will not successfully
compile until you define your driver's point id (BYourDriverPointld). The next chapter explains how to do

this.
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Chapter 14 - Create Your Point Id and Point Folder Class

In the previous chapter of today's lesson you coded the parseReadValue method of your read response. In the
parseReadValue method, you identified whatever information that you needed in order to retrieve the value
for any particular point from the bytes of the response’s data frame. Now that you have identified this
information, creating the point id should be straight-forward!

While following the examples in this chapter, please replace the text jarFileName, yourDriver and yourCompany
as previously described in the Preparation section):

Create Your Point Id Structure For Your Driver

1. Make a Java class that extends BDdfldParams. Name it BYourDriverPointld. Create this in a
package named com.yourCompany.yourDriver.identify. Also add an empty slotomatic comment,
with an empty properties section immediately after the opening brace for the class declaration.

To do this, create a text file named BYourDriverPointld. java in the jarFileName/src/com/yourCompany/
yourDriver/identify folder. Inside the text file, start with the following text:

package com your Conpany. yourDriver.identify;
i mport javax. baj a. sys. *;
inmport comtridiumddf.identify.*;

public class BYourDriverPointld
ext ends BDdf | dPar anms

{
/*-
cl ass BYourDriverPointld

{
properties
{
}

}
-*/

2. In the properties section of the slotomatic header, declare properties for any information that you
needed in order to complete the parseReadValue method (function) in your read response (the
previous chapter covers this lesson).

In our hypothetical example, we required an integer offset between 0 and 29. In the example
parseReadValue method, we accessed this by calling the getOffset method. We coded the
parseReadValue method like this because we knew that in this chapter, we would add a property named
offset to our hypothetical point id structure. We knew that by naming this property offset that the
Niagara AX slotomatic utility would automatically generate a getOffset method (function).

Please make the slotomatic statement on your point id structure look something like this (instead of
adding a property named offset add one or more properties named appropriately to accommodate
your version of the parseReadValue method in the previous chapter):
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/*-
cl ass BYourDriverPointld

{

properties
{
of fset : int

-- This property has nothing to do with the dev
-- driver framework itself. Instead, we need to
-- know the location of a point's value when in
-- the parseReadVal ue nethod of yourDriver's
-- read response
defaul t{[ 0]}
sl ot f acet s{[ MGR_| NCLUDE] }

}

}
o

NOTE: Providing the slotfacet of MGR_INCLUDE on each of these properties will cause them to
automatically appear in your point manager for your driver. }

3. Run slotomatic and perform a full build on your driver (as described in Chapter 2).

Now that your driver’s point id has been defined, the rest of the classes that you created in today's lesson
should now be ready to compile.

Create a Point Folder Component For Your Driver

1. Create a class named BYourDriverPointFolder in package com.yourCompany.yourDriver.point
To do this, create a text file named BYourDriverPointFolder.java in the jarFileName/src/com/
yourCompany/yourDriver/point folder. Inside the text file, start with the following text:

package com your Conpany. your Dri ver. poi nt;
inmport comtridiumddf.*;
i nport javax. baj a. sys. *;

public class BYourDriver Poi nt Fol der
ext ends BDdf Poi nt Fol der

{
/*-
cl ass BYour Dri ver Poi nt Fol der

{
properties
{
}

}
o/

2. Run slotomatic and perform a full build on your driver (as described in Chapter 2).

NOTE: Like the device folder, the point folder is practically a formality in the Niagara AX
framework.
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Chapter 15 - Create Your Driver's Point Device Extension
Component

In the Niagara AX framework driver control points reside under a special component that called a point device
extension. The developer driver framework takes care of most of the details for you. All you need to do is
define a class for your driver's point device extension, add one of your driver's point device extension
components as a property to BYourDriverDevice, and override a method on BYourDriverProxyExt. From that
method you will need to simply return the TYPE constant that belongs to your driver's point device extension.

This might sound complicated but it is very simple to do and will only take a matter of minutes. In fact, we believe
this will be the simplest chapter in today's lesson!

While following the examples in this chapter, please replace the text jarFileName, yourDriver and yourCompany
as previously described in the Preparation section):

1. Make a Java class that extends BDdfPointDeviceExt. Name it BYourDriverPointDeviceExt. Create
this in a package named com.yourCompany.yourDriver. Also add an empty slotomatic comment,
with an empty properties section immediately after the opening brace for the class declaration.

To do this, create a text file named BYourDriverPointDeviceExt.java in the jarFileName/src/com/
yourCompany/yourDriver folder. Inside the text file, start with the following text:

package com your Conpany. yourDri ver;

i nport javax. baj a. sys. *;
inmport javax.baja.util.*;

import comtridiumddf.*;
i mport com your Conpany. your Dri ver. point.*;

public class BYourDriver Poi nt Devi ceExt
ext ends BDdf Poi nt Devi ceExt
{
/*-
cl ass BYour Dri ver Poi nt Devi ceExt
{ .
properties
{
}

}
o/

2. Define the follow methods on BYourDriverPointDeviceExt:

January 7, 2008 Copyright 2008, Tridium, Inc. Page 78



NiagaraAX Developer Driver Framework Guide

/**
* Associ ates BYour Dri ver Poi nt Devi ceExt to BYourDri ver Devi ce.
*/
public Type get Devi ceType()
{
return BYourDriverDevi ce. TYPE;
}
/**
* Associ at es BYour Dri ver Poi nt Devi ceExt to BYour Dri ver Poi nt Fol der.
*/
publ i c Type get Poi nt Fol der Type()
{
return BYourDriver Poi nt Fol der. TYPE;
}
/**
* Associ at es BYour Dri ver Poi nt Devi ceExt to BYourDri ver ProxyExt
*/
publ i c Type get ProxyExt Type()
{
return BYour Driver ProxyExt. TYPE;
}
/**
* This can be left null, depending on how you decide to define
* the discovery behavior in your driver. W will visit the
* discovery process in further detail during another day's
* | esson.
*

/
publ i ¢ BFol der get Di scoveryFol der ()
{

return null;

}

3. Open the BYourDriverProxyExt.java file that you created in the previous chapters of today's lesson.
4. Implement the getDeviceExt Type method as follows:

/**
* Thi s associ ates BYourDriverDevi ceExt with
* BYourDriverProxyExt within the N agara AX
* framework.

*/
public Type getDevi ceExt Type()
{
return BYour Dri ver Poi nt Devi ceExt . TYPE;
}

5. Add the following import statement to the top of BYourDriverProxyExt.java (along with the other
import statements)

i mport com your Conpany. your Dri ver. *;

6. Open the BYourDriverDevice.java file that you created in the previous day's lesson.
7. Add a property named points whose type is BYourDriverPointDeviceExt
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[*-
cl ass BYourDriverDevi ce
{ .
properties
{
devi cel d : BDdf | dPar ans
This plugs in an instance of yourDriver's
device id as this device's deviceld
default {[new BYourDriverDeviceld()]}
poi nts : BYourDri ver Poi nt Devi ceExt
-- Adds the special point device extension
-- conponent to the property sheet and the
-- Niagara AX navigation tree. This special
-- conponent will contain and process all
-- control points for YourDriver
def aul t {[ new BYour Dri ver Poi nt Devi ceExt ()]}

}

}
o/

8. Run slotomatic and perform a full build on your driver (as described in Chapter 2).
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Chapter 16 - Testing Your Progress of Day 2

At this point, you are ready to see and fest what you have done for today's lesson.

Run Your Station and Review it From Workbench

1. Open a Niagara Console. You typically do this by clicking the Windows Start menu, hovering over programs,
then hovering over Niagara 3.2.8 (or whatever version of Niagara AX you are using), and selecting Console.

2. In the Niagara Console type station <NewStation> but replace <NewStation> with the name that you
assigned to your station in the lesson for Day 1. Press enter after you type this text.

d:\ Ni agara-3.2.x> station TestStation

MESSAGE [12:27:06 22-Mar-07 EDT][sys.registry] Up-to-date [140ns]

MESSAGE [12:27:07 22-Mar-07 EDT][sys] Baja runtinme booted ("d:\niagara\niagara-3.2.8")
MESSAGE [12:27:07 22-Mar-07 EDT][sys.registry] Loaded [390ms]

MESSAGE [ 12:27: 08 22-Mar-07 EDT][sys] Loading "d:\niagara\niagara-3.2.8\stations

\ Test St ati on\ config. bog". ..
MESSAGE [ 12:27:12 22- Mar-07 EDT]
MESSAGE [ 12:27:16 22- Mar-07 EDT]

sys] Loaded (4166ns)
al arm dat abase] Created

MESSAGE [ 12:27: 16 22- Mar-07 EDT]
WARNI NG [ 12: 27: 16 22- Mar-07 EDT]
not started by niagarad

MESSAGE [12:27:16 22-Mar-07 EDT] [web. server] HTTP Server started on port 80

MESSACE [ 12:27:16 22-Mar-07 EDT][fox] Service started on port 1911

MESSAGE [ 12:27:16 22-Mar-07 EDT][sys] nre.version: 3.2.8

MESSAGE [12:27:16 22-Mar-07 EDT][sys] *** Station Started (832nms) [11938ns total] ***
ni agar a>

sys. m xin] Updated [Ons]
platforn] Local daenon session not available, station

[
[
MESSAGE [12:27:16 22-Mar-07 EDT][sys] Services Initialized (210ns)
[
[

3. Your station program should begin executing. Your station is now online (again)!
4. Run Niagara AX Workbench.
5. Use Niagara AX Workbench to connect to the Niagara AX station that is running in your console window.

As a reminder, here's how to connect to the station from Workbench AX:

o Click File on the main menu

o Click Open

o Click Open Station (fox).

o A window will appear with the title Open Station.

o Leave the Host i.p. address blank (it will then resolve to the local host)

o For User enter admin (all lower case)

o For Password either leave empty or enter the administrator password that you entered back when
you created the station.

o By default this is likely to be user name admin with no password.

o Now your station has been opened. Your workstation now appears in the navigation tree with an icon
next to it that looks like a desktop PC.

NOTE: For illustrations of this procedure, please review the conclusion for Day 1's
lesson.

Visit Your New Point Manager
1. Locate your workstation in the Nav tree. Expand your workstation by clicking the plus sign that is next to it in
the Nav tree.

2. Click the plus sign next to the station (the station will likely have an icon of a fox next to it) that is underneath
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your workstation.

. Click the plus sign next to the Config component that is under the station. Watch it expand.
. Click the plus sign next to the Drivers component that is under the Config component. Watch it expand.
. Click the plus-sign that is next to the network component that you created in day 1's lesson. Watch the

network expand.

. Click the plus-sign that is next to the device component that you created in day 1's lesson. Watch the device

expand.

. Double-click the special points folder under your device. It's title will be Your Driver Point Manager where

Your Driver is the name of your driver module.

. The Dev Point Manager is displayed in right-most two-thirds or so of the Workbench.
. Notice that there are columns in the Dev Point Manager for each property on your read parameters structure

and point id on which you added the MM\GR_INCLUDE facet.

Create A Sample Control Point

. Click the New button to add a control point using the Dev Point Manager,

. Choose a control point type, such as Numeric Point, in the window that pops up.

. Click ok, and then ok again.

. Notice that the driver control point appears in the Dev Point Manager database list.

. Whenever you view this driver control point, such as right now, the station program will attempt to

communicate to the field-device by instantiating an instance of your read request, calling your toByteArray
method, sending out the resulting byte array, receiving data frames, matching up the data frames to your read
request, instantiating a read response, and updating the driver control point with the value returned by the
parseReadValue method of your driver's read response.

. Also notice that the driver control point appears in the Niagara AX navigation tree.
. Double-click the control point itself from within the Niagara AX navigation tree.

. Notice that you now see the property sheet of your new control point.

. Click the plus-sign that is next to the property named proxyExt.

10.

You should now see your read parameters structure and your point id!

Verify That Your Driver is Trying to Perform Communication to Read Your Control Point's Value

. Right click the station icon in the Navigation tree.
. Click Spy. The main Workbench area changes to become the Spy page.
. Click logSetup in the Spy page located in the main Workbench area. The main Workbench area displays the

Logs table.

. Locate a row for your network or device's communicator and click the circle with a line under it [O] that is in

the Trace column of the table.

. Click the Save to File link that is located near the top of the Log table.
. Restore your station's Niagara AX console (DOS window) (this is a separate windows application that you

have running on your workstation).

. Verify that the station is printing the bytes to the Niagara AX console (DOS) window that it is trying to send

and also those that it is receiving.

. Repeat any of the steps from today's lesson, if you desire, to test other data points in your driver.
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At this point, if you have not already connected your equipment to your Workstation, we encourage you to
do so. If your equipment is serial then you should follow your equipment's wiring and set-up instructions
to hook your Workstation's serial port onto your equipment's field-bus.

If your equipment communicates wirelessly, such as over a mesh network, you will likely need to connect a
serial-to-wireless radio to the serial port. Please consult the documentation for your equipment (or consult
the equipment manufacturer directly) if you do not know how to connect your PC to the wireless network.
In summary though, you will usually plug a serial-to-wireless radio into your PC's serial port.

If your equipment communicates over Tcp/Ip or Udp/Ip then connect it to the same local area network
(LAN) as your PC. Please also make sure that you follow the manufacturer's instructions for configuring
the Udp/Ip or Tcp/Ip settings of your equipment. This is necessary so that your equipment can truly
communicate over your LAN. As a first step towards troubleshooting the connection you can open a DOS
console and attempt to ping your equipment's i.p. address. However, please keep in mind that not all
equipment supports the standard ping mechanism used by the DOS console's ping utility. So, pinging your
equipment from DOS is just one suggestion that may or may not help.

Another way to troubleshoot a Tcp/Ip or Udp/Ip connection is to place your personal computer and your
Tcp/Ip or Udp/Ip equipment onto an Ethernet hub and possibly assigning one or both a static i.p. address.
This can help eliminate many of the variables involved in troubleshooting Tcp/Ip connectivity issues. You
can also ask your equipment manufacturer if they provide any software that can connect to the equipment.
If so, you can install the manufacturer's software on your PC. If your manufacturer's software truly uses
Tcp/Ip or Udp/Ip and if you can connect to the equipment using their software on your PC then your Dev
Tcp or Dev Udp driver (running in a station on your PC) should be able to connect to the same equipment
as well.

Nevertheless, troubleshooting Tcp/Ip or Udp/Ip connections can be rather challenging due to the many
possible configurations of a local area network (LAN). For that reason, any further discussion about
troubleshooting Tcp/Ip or Udp/Ip connections is beyond the scope of this tutorial.

WARNING:Depending on how well documented and straight-forward your equipment's protocol is, it
could take days or weeks for you to test all possible data points. We hope that the developer driver
framework alleviates your concerns about the inner workings of Niagara and allows you, instead, to
stay focused on your equipment and on your equipment's communication protocol.
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Tutorial Day 2 Conclusion

Congratulations! You now have a Niagara AX driver with a network component. You also have a device
component that pings and has a device extension component. This allows you to create any driver control
point components that you desire and use them to introduce data values from your field-device to the rest of
the Niagara AX framework. With these data values, you may now take advantage of all that Niagara AX has to
offer, such as easy web page creation, alarming, and data logging.

After today's lesson, you should have a general idea about how to virtually represent and access the data points
in your field-device within the Niagara AX framework. In tomorrow's lesson, we will show you how to add
support to your driver to allow you to change data values that are in your field-device from the Niagara AX
framework. To do this, you will add write functionality to your driver's control points. That will allow you to
control and schedule your data values from Niagara AX.
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Day 3 - Writing Data Points

During the lesson for day 2, you programmed your driver to read control points for your equipment. You
created a read request, a read parameters structure, a read response, a proxy extension, a point id, and a
point device extension. You made some associations amongst all of these and at the end of the day you had
control points with read access to your equipment's data values.

The process for adding write capabilities to your driver's control points is very similar. In fact, you may even
find it to be somewhat simpler, since you will be re-using some of the components that you created in day 2's
lesson. You will make a Write Request and a Write Parameters structure. You might also add some more
properties to your point id. You will then make similar associations with these new items to your proxy
extension. After today's lesson, your control points should be capable of reading and writing data values in your
field-device.

Chapters -Day 3

. Chapter 17
. Chapter 18
. Chapter 19
. Chapter 20

. Chapter 21
. Conclusion
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Chapter 17 - Create a Write Request For Your Driver

The developer driver framework will use your driver's write request to automatically update point values in your
equipment when the value in the corresponding control point component changes from within Niagara AX. Please
follow these steps to create a write-request for your driver.

While following the examples in this chapter, please replace the text jarFileName, yourDriver and yourCompany as
previously described in the Preparation section):

1. Further review your equipment's protocol documentation. If you are working directly for the manufacturer
of the equipment, then they should be able to provide you with one or more documents that describes the
way in which the equipment communicates, plus the structure of the data that the equipment expects to
see on the field-bus. If you have purchased this equipment then you will need to negotiate with the
equipment's manufacturer in order to gain access to the equipment's protocol.

2. Pick a message from your protocol that updates one or more of the data point values that you are interested
in, preferably one or more of the data point values that you retrieved in day 2's lesson. After reviewing the
equipment's protocol documentation, choose a message from the protocol that looks like the simplest
message that accomplishes this task.

Some protocols are designed so that one write message can update more than one data point in the
equipment. Other protocols are designed with a one-to-one relationship between write messages and point
values. The developer driver framework accommodates both of these scenarios.

3. Make a Java class that extends BDdfWriteRequest. Name it BYourDriverWriteRequest. Create this in a
package named com.yourCompany.yourDriver.comm.req. Also add an empty slotomatic comment
immediately after the opening brace for the class declaration.

To do this, create a text file named BYourDriver WriteRequest.java in the jarFileName/src/com/yourCompany/
yourDriver/commy/req folder. Inside the text file, start with the following text:

package com your Conpany. your Driver.conm req;

import comtridiumddf.conmreq.*;
i mport javax. baj a.sys. *;

public class BYourDriverWiteRequest
ext ends BDdf Wit eRequest

{
[*-
cl ass BYourDriverWiteRequest

{

}
Yy
}

4. Override the toByteArray method. Build the byte array following your protocol's write message.
Inside the body of the toByteArray method, you will need to construct a Java byte array and return it. The
next step will further describe how to do this.

To add the toByteArray method, add the following lines of text after the slotomatic comment of the class:

public byte[] toByteArray()

{
}

5. Assume that any data you need in order to construct the write message itself, ignoring any details about
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which particular data value to write, is a frozen property on a given write parameters structure. Just as in
previous lessons, you will create this structure later in the day's lesson. This will help you determine what
information needs to be included in the write parameters structure. Suffice it to say, you will soon create
another component that we will call the write parameters. On this component, you will define one or
more frozen properties that uniquely identifies a particular write request message on your equipment's

field-bus.

As mentioned during the lesson for day 1, frozen properties are a special kind of Niagara AX property on a
Niagara AX component that you can easily access from Java source code. In subsequent chapters, you will
make the class for the write parameters structure. For now, please assume that you have already created it.

Please recall that to create frozen properties on a component, you add a special comment just after the
class statement in the Java file. After doing that, you will run a Niagara AX development utility called
slotomatic that will parse the special comment and add some Java code to your file -- the Java code
necessary to add the property to the Niagara AX component that the Java file defines. This automatically
generated Java code includes a method (function) called getMyProperty (where myProperty is the name of
the frozen property, as you would have declared in the special comment).

In light of all this discussion, please finish updating the toByteArray method to return a byte array that
matches the description that your protocol document defined for the message that you chose to be the
write request. Please follow this example as a guide:

public byte[] toByteArray()

{
/1 In the dev driver framework, all requests are automatically
/'l Assigned a deviceld when they are created. In addition to the
/l Deviceld, wite requests are automatically assigned an instance
/I OF a Wite Paraneters structure when they are
/'l Created. The dev driver franework calls the toByteArray nethod
/1 (function) after it creates the wite request, therefore this
/1 Particular request has al ready been assigned a device id and
/1 a Wite paraneters structure. The deviceld w |l
/1 Be an instance of BYourDriverDeviceld, the witeParaneters
/1 Structure will be an instance of BYourDriverWiteParaneters,
/1 That is how dev driver works! This happens autonatically.

BYour Dri ver Devi cel d deviceld =
(BYour Dri ver Devi cel d) get Devi cel d() ;

BYourDriverWiteParans witeParans =
(BYour Driver WiteParans)get WiteParaneters();

final byte SOH = 0x01;

final byte EOT = 0x04;

/1 In this hypothetical exanple, the protocol docunent

/1 Indicates that all requests start with a hex 01 byte and
/1 Al requests end with a hex 04 byte.

/1l After the hex 01, the protocol expects a nunber between
/1 0 and 255 to identify the device, followed by the ASC I
/| Characters "Wite " or "Force Wite" followed by one or nore of the
/1 follow ng:

Il ao{ X} ={signed int}

/1 do{ X} =On

Il do{ X} =Cf f

/1 \ere:
/1 {X} = a sequence of ASCI| digits '0'-'9" to identify which
/1 anal og or digital output to change.

/1 {signed int} = a sequence of ASCI| digits '0'-'9" preceded
I optionally by a minus sign

/1 If nmore than one of these sequences are present then they are

/1 delimted by commas.
/1 The nessage ends with a hex 04 term nator byte.
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I/ ByteArrayCQuptutStreamis a standard Java class in package java.io

/] Let's use it to help us build the byte array that we will return

Byt eArrayQut put Stream bos = new Byt eArrayCQut put Strean() ;

// Wites the hex 01 start character to bos, our Java stream of

/'l bytes.

bos. wite(SOH);

// Possibly wites the ASCII bytes for "force" followed by a space to

/] bos, our Java stream of bytes

if (witeParans. get ForceWite())

{
bos.write('f'); bos.wite('o'); bos.wite('r'); bos.wite('c'); bos.wite('e');
bos.write(' ');

}

/'l Wites the ASCI|I bytes for "wite" followed by a space to

// bos, our Java stream of bytes

bos.wite('w); bos.wite('r'); bos.wite('i'); bos.wite('t"); bos.write('e');

bos.wite(' ');

/| Loops through all control points that are to be updated by this request.
// The dev driver framework will try to coal esce all control points
/1 Under a device that have equivalent wite paraneters into a single wite
/'l Request. You can get the array of these itenms by calling the nethod
/1 named getWitableSource. It returns an array of |Ddf Witable -- these
/1 will be the proxy extensions of your driver's control points.
| Ddf Wit abl e poi nt sToUpdate[] = get Wi tabl eSource();
for (int i=0; i<pointsToUpdate.|ength;i++)
{ // This is a good thing to check in case dev driver adds support for
/1 Witing conponents that are not proxy extensions
if (pointsToUpdate[i] instanceof BYourDriverProxyExt)
{ /Il Casts the IDdf Witable to BYourDriver ProxyExt
BYour Dri ver ProxyExt updat eProxy = (BYourDri ver ProxyExt) poi nt sToUpdate[i];
/] Gets the read paraneters structure, it hel ped BYourDriver ReadRequest
/'l know whet her to read analog or digital. W can nake optimal use of this
/] property by re-using it here al so.
BYour Dri ver ReadPar anet ers pr oxyReadPar ans =
(BYour Dri ver ReadPar ans) updat ePr oxy. get ReadPar anet ers() ;
/] Gets the point id structure for the particular point. W previously
/1 defined it to contain an of fset. W can nmake opti mal use of this offset
/1 by re-using it here also.
BYour Dri ver Poi nt1d proxyPointld =
(BYour Dri ver Poi nt | d) updat ePr oxy. get Poi nt 1 d() ;
/'l This bool ean hel ps our |ogic renenber whether the point is digital
bool ean di gital Proxy=fal se;
/'l The get Rawval ue nethod is available for your conveni ence to convert any
// I Ddf Witable anong the witable source into a double precision val ue.
doubl e proxyVal ue = get Rawval ue( updat ePr oxy) ;
i f (proxyReadPar ans. get TypeString().equal sl gnoreCase("anal 0g"))
{ /] 1If updating an anal og output on the field-device
bos.wite('a'); bos.wite('o");
di gi tal Proxy=f al se;

el se if (proxyReadParans. get TypeString().equal sl gnoreCase("digital"))
{ // Else, if updating a digital output on the field-device
bos.wite('d ); bos.wite('0");
di gi t al Proxy=true;

else // Sanity check
throw new Runti neException("Oops! Witing type string '"+
pr oxyReadPar ans. get TypeString()+"' is not supported.");
/'l Wites the point index as a string
bos. wite(lnteger.toString(proxyld.getOffset()).getBytes());
bos.wite('=");
/1 Wites the new val ue

i f (digital Proxy) /1 If the point is digital
i f (proxyVal ue>0) // If the rawwalue is greater than 0
bos.write('0); bos.wite('n"); // Wites "On"
}el se /'l Else, rawval ue nust be 0
{ /Il Wites "OFf"
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bos.write('O); bos.wite('f'); out.wite('f");

} /| Else, the point is anal og
el se // The Java Long.toString nethod outputs a sequence of ASCI| digits
bos. wite(Long.toString(Mth.round(proxyValue))) // Possibly preceded by '-'

i f(i+1l<poi ntsToUpdate.length) // If not the last point in the |oop
bos.wite(',"); // Then this wites a conma
} // End of if instanceof etc.
} /1 End of for |oop
/1 Wites the byte that according to our hypothetical protocol,
/1 Indicates the end of the nessage on the field-bus.
bos. write( EOT);
/'l Converts the stream of bytes in our Java stream of bytes into
/1 An actual Java byte array and returns it.
return bos.toByteArray();

6. Override the processReceive method and return a new instance of your write response class (to be created
in a subsequent chapter).
To recap part of day 1's lesson, the developer driver framework calls the toByteArray method (function),
transmits the resulting byte array onto the field-bus, looks for incoming data frames, and passes them to
this method (until this method returns a response (not null), throws an exception, or times out.

Please implement the processReceive using the following Java code as a guide:

publ i c Bl Ddf Response processRecei ve( | Ddf Dat aFrane reci eveFr ane)
t hrows Ddf ResponseExcepti on

{ /'l We coded our hypothetical receiver such that received franes al ways have
/] at least 2 bytes. So lets not worry about checking for that
String responseStatus = new String( // Constructs a string from bytes

recei veFr ane. get Dat aByt es(), /1 In the receive frane buffer
2, /] Starting at index 2, taking
recei veFrane. get Lengt h() - 3); /1 Al chars except SOH, unitNbor, and EOT

/'l According to our hypothetical protocol, the device responds 'OK if the
/'l Wite succeeds. Any other string denies the wite. In the event of a
/1 Denial, the string itself describes the denial in plain English.
if (responseStatus. equal sl gnoreCase("OK"))
return new BYourDriverWiteResponse();
el se
t hrow new DevResponseExcepti on("Equi prent Nak - "+responseStat us);
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Chapter 18 - Create a Write Parameters Structure For Your
Driver

The developer driver framework tries its best to automatically coalesce all control points under that same
device, that need written, and that have equivalent write parameters into a single write request. In a previous
chapter of today's lesson, you created your write request. We asked you to assume that you had already created
the write request and added any data that you needed to construct the write request itself, not including the
information needed to specify the values of individual points.

Please create your write parameters structure following these steps as a guide:

While following the examples in this chapter, please replace the text jarFileName, yourDriver and yourCompany
as previously described in the Preparation section):

1. Review your write request's toByteArray method.

2. Make a Java class that extends BDdfldParams and implements BIDdfWriteParams. Name it
BYourDriverWriteParams. Create this in a package named com.yourCompany.yourDriver.
identify. Also add an empty slotomatic comment immediately after the opening brace for the class
declaration.

To do this, create a text file named BYourDriver WriteParams.java in the jarFileName/src/com/
yourCompany/yourDriver/identify folder. Inside the text file, start with the following text:

package com your Conpany. yourDriver.identify;

inmport comtridiumddf.identify.*;
i mport javax. baj a. sys. *;

public class BYourDriverWiteParans
ext ends BDdf | dPar ans
i mpl enents Bl Ddf Wi t ePar ans

{
/*-
cl ass BYourDriver Wit eParans

{

}
-*/

3. Add a properties section to the slotomatic header and declare properties for any values that you
needed in order to make the toByteArray method (function) in your write request.
In our hypothetical example, we required one boolean property named 'forceWrite". In the example
toByteArray method, we accessed this by calling the getForce Write method. We coded the toByteArray
like this because we knew that in this chapter, we would add this property to our hypothetical write
parameters structure. We knew that by naming the properties force Write that the Niagara AX
slotomatic utility would automatically generate a getForce Write method.

Please make the slotomatic statement on your read parameters structure look something like this:
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/*-
cl ass BYourDriverWiteParans
{
properties
{
forceWite : bool ean
-- This property has nothing to with the dev
-- driver framework itself. Instead, we need
-- to construct the toByteArray nethod of the
-- driver's wite request in follow ng the
-- driver's protocol to wite data val ues.
-- In this hypothetical protocol, if we do not
-- forceWite then the equi pnent's internal
-- program coul d overwite any change that
-- N agara mght nake to a data val ue.
defaul t{[true]}
}

}
Yy

4. Override the getWriteRequestType method and return the TYPE of your driver's write request. The
Niagara AX slotomatic utility automatically adds the TYPE constant to your Java file when you run
the utility.

Add the following code to BYourDriverWriteParams.java:

public Type get WiteRequest Type(){return BYourDriverWiteRequest. TYPE;}

5. Run slotomatic and perform a full build on your driver (as described in Chapter 2).

Redefine the writeParameters property on BYourDriverProxyExt

1. Open BYourDriverProxyExt.java.
2. Redefine the 'writeParameters' property by modifying the slotomatic header of BYourDriverProxyExt.
java as follows:

cl ass BYour Dri ver Pr oxyExt
{ .
properties
{
readPar aneters : BDdf | dPar ans
-- This hooks your driver's read paraneters structure into the
proxy extension that is placed on control points that are
under devices in your driver. The read paraneter's structure
tells the dev driver framework which read request to use to
read the control point. It also tells your read request's
-- toByteArray nmethod how to construct the bytes for the request.
def aul t {[ new BYour Dri ver ReadPar ans() ]}
sl ot f acet s{[ MGR_| NCLUDE] }

pointld : BDdf | dParans
This tells your read response's parseReadVal ue net hod how to
extract the data value for a particular control point.
def aul t {[ new BYourDriverPointld()]}
sl ot f acet s{[ MGR_| NCLUDE] }
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writeParaneters : BDdf | dParans
-- This hooks your driver's wite paranmeters structure into the
-- proxy extension that is placed on control points that are
-- under devices in your driver. The wite paraneter's structure
-- tells the dev driver franework which wite request to use to
-- wite the control point. It also tells your wite request's
-- toByteArray nethod how to construct the bytes for the request.
def aul t {[ new BYourDri ver Wi teParans()]}
sl ot f acet s{[ MGR_| NCLUDE] }

}

}
Y

NOTE: Providing the slotfacet of MGR_INCLUDE on each of these structured properties will cause
any of their properties that are flagged with MGR_INCLUDE to automatically appear in your point
manager for your driver.

3. Run slotomatic and perform a full build on your driver (as described in Chapter 2).
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Chapter 19 - Create a Write Response For Your Driver

The write response is typically a very simple class to develop. Most driver protocols return back a small
amount of data, just enough to indicate whether the field-device accepted the write request. Many drivers can
get away with essentially having an empty implementation for the write response.

Please note that in our examples for the previous chapters in today's lesson, we coded the processReceive
method of our hypothetical write request to throw a DdfResponseException if the field-device denied the
driver's request to write data values. If the field device accepted the driver's request, then we return an empty
instance of BYourDriverWriteResponse.

Create your driver's write response as follows:

While following the examples in this chapter, please replace the text jarFileName, yourDriver and yourCompany
as previously described in the Preparation section):

1. Make a Java class that extends BDdfResponse. Name it BYourDriverWriteResponse. Create this in
a package named com.yourCompany.yourDriver.comm.rsp. Also add an empty slotomatic
comment immediately after the opening brace for the class declaration.

To do this, create a text file named BYourDriver WriteResponse.java in the jarFileName/src/com/
yourCompany/yourDriver/comm/rsp folder. Inside the text file, start with the following text:

package com your Conpany. your Driver.conm rsp;

import comtridiumddf.commrsp.*;
i mport javax. baj a. sys. *;

public class BYourDriverWiteResponse
ext ends BDdf Response

{
[*-
cl ass BYourDriver WiteResponse

{

}
Y

NOTE: If you do not define any constructors at all then Java automatically creates an
empty constructor for you. By not defining any constructors for
BYourDriverWriteResponse in this example, we implicitly create an empty constructor
with full, public access.

2. Run slotomatic and perform a full build on your driver (as described in Chapter 2).
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Chapter 20 - Update Your Point Id

Please recall that in a previous chapter in today's lesson you created your driver's write request. In that chapter,
you coded up a method named toByteArray on your write request. We asked you to assume that any
information that you needed to construct the byte array, without even specifying any information about any
particular data values, was available on your write parameters structure. Obviously, however, you also needed
to specify information about the particular data value to update. In our hypothetical example, the point id
already contained a property called offset that we added during the lesson for day 2. In our hypothetical
example, that was all we needed from the point id. However, this will not necessarily be the case for all drivers.

If you required more information in order to create the byte array that you returned from the toByteArray
method of your request, then please add frozen properties for that information to the BYourDriverPointld
component that you created on day 2.

While following the examples in this chapter, please replace the text jarFileName, yourDriver and yourCompany
as previously described in the Preparation section):

Please follow this easy procedure:

1. Open the BYourDriverPointld.java file that you created on day 2.
2. Add any additional properties that you need to the properties section of the slotomatic header.
3. Run slotomatic and perform a full build on your driver (as described in Chapter 2).
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Chapter 21 - Create an Auto Request and Response For Your
Driver

You only need to worry about this chapter if your driver features the notion of overriding data points. Most equipment
runs an internal program that updates some or all of the field-device's data values. Some protocols require a point to be
placed into a special mode if and when it is controlled by an entity other than the field-device itself. In our hypothetical
protocol such a mode takes effect by transmitting the ASCII string "force” in the byte array of the write request. Field-
devices that have a notion of overriding points will usually need to be specially informed if and when the particular data
value is no longer being controlled by the external entity. The dev driver framework makes this easy for you to implement
in your driver.

To do this, you will create a point-auto request and possibly a point-auto response. Please follow these steps if this is
necessary for your driver:

While following the examples in this chapter, please replace the text jarFileName, yourDriver and yourCompany as
previously described in the Preparation section):

1. Make another Java class that extends BDdfWriteRequest. Name it BYourDriverPointAutoRequest. Create
this in the package named com.yourCompany.yourDriver.comm.req. Also add an empty slotomatic comment
immediately after the opening brace for the class declaration.

To do this, create a text file named BYourDriverPointAutoRequest.java in the jarFileName/src/com/yourCompany/
yourDriver/comm/rsp folder. Inside the text file, start with the following text:

package com your Conpany. your Driver.conm req;

import comtridiumddf.commreq.*;
import javax. baja.sys.*;

public class BYourDriver Poi nt Aut oRequest
ext ends BDdf Wit eRequest

{
[*-
cl ass BYour Dri ver Poi nt Aut oRequest

{

}
Y

2. Override the toByteArray method. Build the byte array following your protocol's message that un-forces the data
point. Please review your driver's protocol once again, if necessary, to find such a message. If you cannot find
such a message then you can probably skip this chapter!

Inside the body of the toByteArray method, you will need to construct a Java byte array and return it. The next
step will further describe how to do this.

Assume that any data you need in order to construct the auto (unforce) message itself, ignoring any details about
which particular data value to auto (unforce), is a frozen property on the write parameters structure (the same
structure that your driver's write request uses to construct the byte array that it returns from its toByteArray
method). If you need more information than your write parameters presently provides, then you will need to
update your write parameters structure and add frozen properties for the required information.

In light of this discussion, please code the toByteArray method to return a byte array that matches the
description that your protocol document defines for the message that you identify as the un-force or relinquish-
auto request. Please follow this example as a guide:

January 7, 2008 Copyright 2008, Tridium, Inc. Page 95



NiagaraAX Developer Driver Framework Guide

public byte[] toByteArray()
{

/1 In the dev driver framework, all requests are autonatically

/| Assigned a deviceld when they are created. In addition to the

[/ Deviceld, wite requests are automatically assigned an instance
/I O a Wite Paranmeters structure when they are created, this point
/] auto request is an instance of BDdf WiteRegest. The dev driver

/| Framework calls the toByteArray nethod (function) after it

/| Creates the wite request, therefore this particular request has
/| already been assigned a device id, and a Wite paraneters

/1 structure. The deviceld will be an instance of BYourDriverDeviceld,
/1 the witeParanmeters structure will be an instance of

/1 BYourDriverWiteParaneters,

/1 That is how dev driver works! This happens automatically.

BYour Dri ver Devi cel d deviceld =
(BYour Dri ver Devi cel d) get Devi cel d() ;

BYour Dri ver WiteParanms writeParanms =
(BYourDriverWiteParans)get WiteParaneters();

final byte SOH = 0x01;

final byte EOT = 0x04;

/1 In this hypothetical exanple, the protocol docunent

/1 Indicates that all requests start with a hex 01 byte and
/1 Al requests end with a hex 04 byte.

/] After the hex 01, the protocol expects a number between
// 0 and 255 to identify the device, followed by the ASCII

/| Characters "Unforce ", followed by one or nore of the

/1 follow ng:

Il ao{ X}

Il do{ X}

/1 \ere:

Il {X} = a sequence of ASCII digits "0'-'"9" to identify which
Il anal og or digital output to change.

Il

/1 1f nore than one of these sequences are present then they are
/1 delimted by conmas.
/1 The nessage ends with a hex 04 term nator byte.

/] ByteArrayQuptutStreamis a standard Java cl ass in package java.io
/l Let's use it to help us build the byte array that we will return
Byt eAr r ayQut put St ream bos = new Byt eArrayQut put Strean() ;

/1 Wites the hex 01 start character to bos, our Java stream of

/'l bytes.

bos. write(SOH);

/'l Wites the ASCII bytes for "unforce" followed by a space to

/1 bos, our Java stream of bytes

bos.wite('u'); bos.wite('n');

bos.wite('f'); bos.wite('o"); bos.wite('r'); bos.wite('c'); bos.wite('e");
bos.wite(' ");

/'l Loops through all control points that are to be auto 'ed (unforced) by this request.
/'l The dev driver framework will try to coal esce all control points that need updated
/1 Under a device that have equivalent wite parameters into a single wite
/'l Request. You can get the array of these items by calling the nethod
/1 nanmed getWitableSource. It returns an array of IDdf Witable -- these
/1 will be the proxy extensions of your driver's control points.
| Ddf Witabl e pointsToUpdate[] = get Wi tabl eSource();
for (int i=0; i<pointsToUpdate.|ength;i++)
{ // This is a good thing to check in case dev driver adds support for
/1 Auto'ing conponents that are not proxy extensions
if (pointsToUpdate[i] instanceof BYourDriverProxyExt)
{ /] Casts the IDdf Witable to BYourDriverProxyExt
BYour Dri ver ProxyExt updat eProxy = (BYourDri ver ProxyExt) poi nt sToUpdate[i];
/] Gets the read paraneters structure, it hel ped BYourDriver ReadRequest
/'l know whether to read analog or digital. W can nake optimal use of this
/] property by re-using it here also.
BYour Dri ver ReadPar anet ers proxyReadPar ans =
(BYour Dri ver ReadPar ans) updat ePr oxy. get ReadPar anet ers() ;
/] Gets the point id structure for the particular point. W previously
/] defined it to contain an offset. W can nake optinal use of this offset
/1 by re-using it here also.
BYour Dri ver Poi nt1d proxyPointld =
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(BYour Dri ver Poi nt | d) updat ePr oxy. get Poi nt 1 d() ;
i f (proxyReadParans. get TypeString().equal sl gnoreCase("anal 0g"))
{ // 1f updating an anal og output on the field-device
bos.wite('a'); bos.wite('0o");

el se if (proxyReadParans. get TypeString().equal sl gnoreCase("digital"))
{ // Else, if updating a digital output on the field-device
bos.wite('d ); bos.wite('o");

el se // Sanity check
throw new Runti meException("Oops! Auto'ing type string '"+
pr oxyReadPar ans. get TypeString()+"' is not supported.");
/1l Wites the point index as a string
bos.wite(lnteger.toString(proxyld.getOffset()).getBytes());

i f(i+1l<poi ntsToUpdate.length) // If not the last point in the | oop
bos.write(',"); // Then this wites a comm
} // End of if instanceof etc.
} // End of for |oop
/'l Wites the byte that according to our hypothetical protocol,
/1 Indicates the end of the nessage on the field-bus.
bos. wri te( EOT) ;
/'l Converts the stream of bytes in our Java stream of bytes into
[/ An actual Java byte array and returns it.
return bos.toByteArray();

3. Override the processReceive method and return a new instance of your auto response class (to be created in a
subsequent step). You can re-use your write response here, if you determine that it provides the same exact
functionality that you would need for your point-auto response. This will most likely be the case if you left your
write response essentially as an empty class that extends BDdfWriteRequest.

To recap part of day 1's lesson, the dev driver framework calls the toByteArray method (function), transmits the
resulting byte array onto the field-bus, looks for incoming data frames, and passes them to this method (until this
method returns a response (not null), throws an exception, or times out.

Please implement the processReceive using the following Java code as a guide. You may notice that this
hypothetical example is nearly identical to the processReceive method that was in the example for the read
request!

publ i ¢ Bl Ddf Response processRecei ve(| Ddf Dat aFrane reci eveFr ane)
t hrows Ddf ResponseExcepti on

{ /I We coded our hypothetical receiver such that received franes always have
/1 at least 2 bytes. So lets not worry about checking for that
String responseStatus = new String( // Constructs a string from bytes

recei veFrane. get Dat aByt es(), /1 1n the receive frame buffer
2, // Starting at index 2, taking
recei veFrane. get Lengt h() - 3); /1 Al chars except SOH, unitNbr, and EOT

/'l According to our hypothetical protocol, the device responds 'OK if the
/] Request succeeds. Any other string denies the wite. In the event of a
// Denial, the string itself describes the denial in plain English.
if (responseStatus. equal sl gnoreCase("OK"))
return new BYourDriverWiteResponse(); // <-In this case our auto
/1 response has the
/1 equi val ent functionality
/1 as BYourDriver WiteResponse
/1 So we can re-use it.
el se
t hrow new DevResponseExcepti on("Equi pment Nak During Auto - "+responseStatus);

4. Run slotomatic and perform a full build on your driver (as described in Chapter 2).

5. Create your point-auto response, if you were not able to re-use your write response.
As a guide, please follow the instructions in the earlier chapter of today's lesson where we showed you how to create
your driver's write response.

6. Associate your auto request to your write parameters class.
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Do this by changing the class declaration on BYourDriverWriteParams to specify that it also implements the
BIDdfAutoParams interface. Then define a method called getDevAutoRequestType on
BYourDriverWriteRequest

Follow this example as a guide:

package com your Conpany. yourDriver.identify;

inmport comtridiumddf.identify.*;
i mport javax. baja.sys.*;

public class BYourDriverWiteParans
ext ends BDdf | dPar ans
i npl ements BI Ddf Wit ePar ans, BI Ddf Aut oPar ans
{
[*-
cl ass BYourDriver WiteParans
{ .
properties
{
forceWite : bool ean
-- This property has nothing to with the dev
-- driver franework itself. Instead, we need
-- to construct the toByteArray nethod of the
-- driver's wite request in follow ng the
-- driver's protocol to wite data val ues.
-- In this hypothetical protocol, if we do not
-- forceWite then the equi pnent's internal
-- program coul d overwite any change that
-- Niagara m ght make to a data val ue.
defaul t{[true]}
}
}
-*/
public Type get WiteRequest Type(){return BYourDriverWiteRequest. TYPE;}
public Type get Aut oRequest Type(){return BYourDri ver Poi nt Aut oRequest . TYPE; }

}

7. Run slotomatic and perform a full build on your driver (as described in Chapter 2).
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Chapter 22 - Testing Your Progress of Day 3

In today's lesson you created a write request, a write response, and a write parameters structure. You may
have also created a point-auto request and a point-auto response. You may have also added some frozen
properties to your point id. By doing all of this, you have supplied enough information for the developer driver
framework to automatically update the data values in your field-device if and when a corresponding control
point component (with a proxy extension from your driver) is controlled or scheduled from within Niagara AX.

We encourage you to follow the same procedure that we specified at the conclusion of yesterday's lesson to test
the control points in your driver. To test writing your driver's control points, you may right-click any writable
control point (for example, a Numeric Writable) under your device's point device extension from the
workbench (provided that it is connected to your test station), expand the actions menu, choose emergency
override, enter a value in the window that pops up, and click Ok. To then auto your control point, right click
the point again but choose Emergency Auto from the actions menu.

Writable Driver Control Points - Overview

Driver control points that are writable update data values in a field-device. Writable control points feature an
input priority scheme. They feature 16 control inputs. If you recall back to the discussion before day 1, we
introduced you to the concept of logic links. Niagara AX installation professionals can link to 14 of the control
point's inputs (inputs 2-7 and inputs 9-16). They can design logic that feeds any or no value through any links
that they create to any of the available priority inputs.

Inputs 1 and 8, as well as the fallback value, are reserved for the following items that appear on the control
point's actions menu.

Emergency Override

Sets the control value for the most critical priority -- priority level 1.
Emergency Auto

Clears the control value for the most critical priority -- priority level 1.
Override

Sets the intermediate control value -- priority level 8.
Auto

Clears the intermediate control value -- priority level 8.
Set

Sets the fallback value. This value takes effect if no value is being supplied to any of inputs 1-16.

Driver control points automatically use your driver to set the data value in the field-device equal to the input
value that is provided at the priority of the index closest to input one. If no values are provided to any of the
sixteen input properties then the driver control point will set the data value equal to the fallback value (if one is
specified) on the property sheet of the control point.

If no fallback value is provided and if no input values are provided, then the driver control point will not modify
the particular data value in your field-device. Whenever a transition occurs within the station that causes this
scenario to occur, the driver control point will ask your driver to auto the data value in the field-device. Your
driver may or may not need to take any special action during this scenario. If you specified a point auto request
then the dev driver framework will automatically transmit it through your field-bus in this scenario.

We hope that this discussion will allow you to test the write and auto functionality that you created during
today's lesson.

NOTE: You will need to follow the procedure outline in the conclusion for Day 2. However, make sure that you
add a writable control point from your driver's point manager. Writable control points are Numeric Writable,
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Boolean Writable, Enum Writable, and String Writable. We recommend that you start testing with a Numeric
Writable and/or a Boolean Writable.

After adding a writable, driver control point to your station, right-click the writable control point, hover over
the actions side-menu, choose the Emergency Override action, and specify a value on the dialog that appears.
The developer driver framework and the Niagara AX framework will work together to transmit the byte array
from an instance of your driver's write request, as described during today's lesson.

After running tests to write a value to one your driver's control points, please consider running tests to auto
your driver's control point. To do this, right-click the writable control point, hover over the actions side-menu,
and choose the Emergency Auto action. The developer driver framework and the Niagara AX framework will
work together to transmit the byte array from an instance of your driver's auto request, as described during
today's lesson.

Please refer to the conclusion of Day 2 for illustrations about how to use your driver's point manager to create
driver control points.
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Tutorial Day 3 Conclusion

Congratulations! Your driver is now more than half-way finished. In the lessons to follow we will focus on a
feature of the Niagara AX framework and of the dev driver framework called auto-discovery.

In the lessons so far, you added a network component to your test station. Then you added a device
component to your network and some control point components to your device.

To add your device, you double-clicked the network component. Then you clicked New from the Ddf Device
Manager. After that, you visited the property sheet for your device and specified the proper values for the
deviceld (possibly also the Tcp/Ip address and port -- if applicable).

To add your control points, you double-clicked the point device extension component under your device.
Then you clicked New from the Ddf Point Manager. After that, you specified the proper values for the
readParameters, writeParameters, and pointld structures on your control points.

This required that you, yourself, know the exact information necessary to identify the device and the control
points.

Wouldn't it be much better if your station could automatically query your field-bus and find these for you? It
usually can! In tomorrow's lesson, we will show you what to do to your driver to make this happen.
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Day 4 - Add Device Discovery Capabilities to Your Driver

Discovery is a special procedure that a Niagara AX installation technician follows to add driver device
components and control point components to his or her Niagara AX station. When configuring stations to use
your driver, Niagara AX installation technicians will double-click the drivers folder below the config folder in
the station. Then the technicians will click the New button and choose your driver's network from the drop
down list box on the window that appears.

After that, technicians will double click your network to visit your driver's device manager. By using the
developer driver framework, you can automatically provide a fully-functional device manager when the
technician double-clicks your network. After that, technicians prefer to click the Discover button from your
driver's Device Manager. After clicking the Discover button, the station performs special communication on
your field-bus and figures out which devices are online. Then Niagara updates the top half of the Device
Manager with a list of available devices. Technicians will then select one or more devices from the top half and
click the Add button. That adds one of your driver's device components for each of the selected items.

If you follow the steps in today's lesson and update your driver accordingly, then the developer driver
framework on which your driver is built, will automatically perform all details for the device discovery process.

In the previous day's lessons, you programmed your driver to ping a field-device in order to determine whether
it is online. You also programmed your driver to read and to write data values in your equipment using Niagara
AX control points.

To ping your field-device, you created a device component, a device id structure, and a ping request. In Java
code you made some special associations between these. That allowed the developer driver framework to do
the rest.

Similarly, to read and write data values from your field-device, you created a proxy extension component, a
read parameters structure, a write parameters structure, a point id structure, a read request, a read
response, a write request, a write response, and possibly a point-auto request and a point-auto response. In
your Java code, you made some special associations between these. That allowed the developer driver
framework to do the rest.

The process of adding support to your driver for auto-discovery of devices will be rather similar.

Chapters - Day 4

. Chapter 23
. Chapter 24
. Chapter 25

. Chapter 26
. Conclusion
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Chapter 23 - Create Your Device Discovery Parameters

NOTE: This class is analogous to your driver's read parameters and write parameters classes.

Some protocols, especially those with field-gateways, have special messages that a driver can transmit to
request all devices or maybe just a group of devices, depending on the size-limitation of the particular
messages's response. For these types of drivers the developer driver framework will attempt to loop through all
possible combinations of the driver's special request that retrieves information about the existence of multiple

devices.

Other protocols, especially serial master-slave protocols, do not feature a message that can request information
about whether multiple devices are online. For these types of drivers, you will need to take some special steps
that will cause the developer driver framework to attempt to ping all possible combinations of the device id.

Review your driver's protocol. Try to find documentation about a message that your driver can transmit in
order to receive information about the existence of more than one device.

A. If your driver's protocol features a message that can retrieve information about multiple field-devices:

1. Determine what information the request's byte array will need.
2. Create a class named BYourDriverDeviceDiscoverParams that extends BDdfDiscoveryParams in

the package com.yourDriver.identify.
To do this, create a text file named BYourDriverDeviceDiscoverParams.java in the jarFileName/src/com/
yourCompany/yourDriver/identify folder. Inside the text file, start with the following text:

package com your Conpany. yourDriver.conm i dentify;

inmport comtridiumddf.identify.*;
i nport javax. baj a. sys. *;

public class BYourDriverDevi ceDi scover Par ans
ext ends BDdf Di scover Par ans
{
/*-
cl ass BYour Dri ver Devi ceDi scover Par ans
{ .
properties
{
}

}
-*/

Based on your driver's protocol document, please be prepared to add properties to the
slotomatic statement to help you construct the byte array in the device discovery request
(you will create the device discovery request in the next chapter)

3. Define the getFirst, getLast, getNext, and isAfter methods. These are essential and allow the

developer driver auto discovery process to automatically loop through all possible combinations of
your discovery parameters.
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getFirst

getLast

getNext

isAfter

The getFirst method should return an instance of
BYourDriverDeviceDiscoverParams that represents the data that would be
placed in the protocol request to request information about the first device or
series of devices. If your protocol has no way of identifying a definite first device
then you will need to be creative here and return an instance of
BYourDriverDeviceDiscoverParams with all properties set to special values, that
you will determine, such as Integer. MIN_VALUE for int properties.

The getLast method should return an instance of
BYourDriverDeviceDiscoverParams that represents the data in the protocol
request that would request information about the last device or series of devices.
This might not be possible to accurately define for some protocols. If your
protocol does not have a way of identifying the last series of devices, then you
will need to be creative here and return an instance of
BYourDriverDeviceDiscoverParams with all properties set to special values, that
you will create, such as Integer. MAX_VALUE for int properties.

The getNext method should return an instance of
BYourDriverDeviceDiscoverParams that represents the data in the protocol
request that would request the next device or series of devices, with respect to
the particular instance of BYourDriverDeviceDiscoverParams. This method
should review the values of some or all of the properties that you add to
BYourDriverDeviceDiscoverParams. This method should return a new instance
of BYourDriverDeviceDiscoverParams whose property values are incremented
in such a way that the new instance would represent the data needed in the
toByteArray method of the device discovery request in order to ask the field-
gateway for information about the next device or set of devices.

The isAfter method will be passed an instance of
BYourDriverDeviceDiscoverParams. You should review the property values of
the given instance of BYourDriverDeviceDiscoverParams and return true if the
current instance would request information about a device or series of devices
that would be after the device or series of devices that the given instance of
BYourDriverDeviceDiscoverParams would identify. If the current instance
represents a device or series of devices that is before or equal to the given
instance, then this method should return false.

We understand that this can be a bit tricky, since the definitions of first, last, next, and
after can be somewhat abstract in some protocols. Please feel free to skip ahead and
revisit this later if you wish.

4. Your device discover params class also needs to define the getDiscoverRequestType method and
return the Niagara-AX TYPE for your device discovery request class (you will create this in the next

chapter).
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*
* The inplenmenting class needs to return a Type that represents

* the discover request fromthe driver whose discoverld can be an

* instance of this object's class. If the class supports nore than

* one di scover request type, then this should return the type that is
* the nost appropriate for the particular instance of the inplenenting
* cl ass.

*

*

*

*

*

This is fundanental to dev driver's auto-discovery features.
@eturn revi ew net hod descri ption.

/
public Type get Di scover Request Type()

{
return null; // For now Soon we will revisit this and return
/1 BYour Driver Devi ceDi scover yRequest. TYPE after
/Il Creating it.
}

5. Update your driver's device id structure, make it implement BIDdfDiscoveryLeaf. Implement the
following methods that BIDdfDiscoveryLeaf requires.
NOTE: BIDdfDiscoveryLeaf objects appear in the "discovered list" (top half) of the device manager.

Your driver's device id also needs to import javax.baja.registry.*;, com.tridium.ddf.discover.*;, and
import com.yourCompany.yourDriver.*;

package com your Conpany. your Dri ver;

i mport javax. baj a. sys. *;
import javax.baja.registry.*;

inmport comtridiumddf.identify.*;
import comtridiumddf.commreq.*;
import comtridiumddf.discover.*;

i mport com your Conpany. your Dri ver. *;

public class BYourDriverDeviceld
ext ends BDdf Devi cel d
i mpl enent's Bl Ddf Di scover yLeaf

{

/**
* \Wen a control point is added to the station fromthe Dev

* Point Manager, it is given this nane by default (possibly
*with a suffix to make it unique).

* @eturn
*/
public String getDi scoveryNamne()
{
return "NewDevi ce";
}
/**
* Descendants need to return an array of Typelnfo objects correspondi ng
* to all valid N agara Ax types for this discovery object. This is
* inportant when the end-user clicks 'Add" fromthe user interface for
* the manager.
*
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* For this discovery object, please return a list of the types
* which may be used to nodel it as a BConponent in the station
* database. |f the discovery object represents a device in your
* driver then nethod should return an array with size of

* at least one, filled with Typelnfo's that wap the N agara AX
* TYPE s for your driver's device conponents.
*
*
*
*
*

The type at index O in the array should be the type which
provi des the best mapping. Please return an enpty array if the
di scovery cannot be mapped.
/

public Typelnfo[] getValidDatabaseTypes()

{
return new Typel nfo[]{BYourDriverDevi ce. TYPE. get Typel nfo() };

}

}

6. Revisit the BYourDriverDeviceDiscoverParams from earlier in this chapter. Define the
getDiscoveryLeafType method and return the Niagara-AX TYPE of your device id class.

*

/
The i npl enenting class needs to return a Type that will be the
di scovery |l eaves in the ddf nmanager. For the device discovery
process, the discovery leaf TYPE is the device id TYPE.

@eturn BYourDriverDevicel d. TYPE
/
public Type get Di scoverylLeaf Type()
{
return BYour Dri verDevi cel d. TYPE

}

E R T

B. If your driver is a serial driver, uses a master-slave protocol, and provides no message that can retrieve
information about multiple field-devices:

You should modify your device id, ping params, ping request, and ping response to also serve in the auto-
discovery procedure.

1. Open the BYourDriverDeviceld.java file from Day 1 of this tutorial.

2. Modity the class declaration statement and declare that BYourDriverDeviceld implements
BIDdfDiscoverParams and BIDdfDiscoveryLeaf.

public class BYourDriverDeviceld
ext ends BDdf | dPar ans
i npl enent s BI Ddf Di scover Par ans, BI Ddf Di scoverylLeaf

{
}

3. Your driver's device id structure, acting also as the device discover params structure, needs to satisfy
the BIDdfDiscoverParams interface and define the getFirst, getLast, getNext, and isAfter methods in
order to allow the developer driver auto discovery process to automatically loop through all possible
combinations of your discovery parameters.
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For example, in the hypothetical protocol that we used in the days past, our device had a
unitNbr. Let's assume that the unitNbr could range from 0 to 50. The getFirst method
would return an instance of BYourDriverDeviceld with a unitNbr of 0. The getLast
method would return an instance of BYourDriverDeviceld with a unitNbr of 50. The
getNext method would return an instance of BYourDriverDeviceld with a unitNbr that
is one more than the current instances's unitNbr: t/is.getUnitNumber()+1. Etc...

Your driver's device id also needs to satisfy the BIDdfDiscoveryLeaf interface and
implement the getDiscoveryName and getDatabaseTypes methods.

Your driver's device id also needs to import javax.baja.registry.*;, com.tridium.ddf.
discover.”;, import com.yourCompany.yourDriver.*;, and com.yourCompany.yourDriver.

comm.req.”;.

package com your Conpany. your Dri ver;

i mport javax. baja.sys.*;
inport javax.baja.registry.*;

inmport comtridiumddf.identify.*;
inmport comtridiumddf.commreq.?*;
import comtridium ddf.discover.*;

i mport com your Conpany. your Dri ver. *;
i mport com your Conpany. your Driver.commreqg. *;

public class BYourDriverDeviceld
ext ends BDdf Devi cel d
i npl enent s BI Ddf Di scover Par ans, BI Ddf Di scoverylLeaf
{
/*-
cl ass BYour Driver Devi cel d
{ .
properties
{
uni t Nunber : int
-- This is the unitNunber in our hypothetical protocol.
defaul t{[0] }
}

}
Y

private static final int FIRST_UNIT_NBR = O;
private static final int LAST_UNI T_NBR = 50;

/**

* Niagara AX requires a public, enpty constructor, so that it can perform
* |ts own introspection operations.

*/

publ i c BYourDriverDeviceld(){}

/**

* This constructor is for our own conveni ence in the nmethods getFirst,

* get Next, etc.

*/

publ i c BYourDriverDeviceld(int unit)

{
set Uni t Nunber (unit);

}
publ i c Bl Ddf Di scover Parans get Fi rst ()
{
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}

return new BYourDri ver Devi cel d( FI RST_UNI T_NBR) ;

publ i ¢ Bl Ddf Di scover Par ans get Last ()

{
}

return new BYourDri verDevi cel d(LAST_UN T_NBR);

publ i c Bl Ddf Di scover Par ans get Next ()

{

}

i nt next UnitNunmber = getUnitNunber () +1;

i f (nextUnitNunmber>LAST UNIT_NBR) // GCircles back to first
return getFirst();

el se
return new BYourDri ver Devi cel d( next Uni t Nurber) ;

publ i c bool ean i sAfter (Bl Ddf Di scover Parans anot her | d)

{

}

/*
*
*
*
*

*

return this.getUnitNunber() >
((BYour Dri ver Devi cel d) anot her | d) . get Uni t Nunmber () ;

*

When a control point is added to the station fromthe Dev
Poi nt Manager, it is given this nane by default (possibly
with a suffix to make it unique).

@eturn

/

public String getDi scoveryName()

{
}

/*

* Descendants need to return an array of Typelnfo objects correspondi ng
to all valid N agara Ax types for this discovery object. This is
i mportant when the end-user clicks 'Add" fromthe user interface for

*

*

*
*
*
*
*
*
*
*
*
*
*
*
*

return "NewDevi ce";

*

t he manager.

For this discovery object, please return a list of the types
whi ch may be used to nodel it as a BConponent in the station

dat abase. |If the discovery object represents a device in your
driver then nmethod should return an array with size of

at least one, filled with Typelnfo's that wap the N agara AX
TYPE s for your driver's device conponents.

The type at index O in the array should be the type which

provi des the best mapping. Please return an enpty array if the
di scovery cannot be mapped.

/

public Typelnfo[] getValidDatabaseTypes()

{
}

return new Typel nfo[]{BYourDriverDevi ce. TYPE. get Typel nfo() };

Framework Guide

4. Your driver's device id structure, acting also as the device discover params structure, also needs to
define the getDiscoverRequestType method (inherited from the interface BIDdfDiscoverParams) and
return the BYourDriverPingRequest that you created in one of the previous day's lessons. This tutorial
will soon show you how to update BYourDriverPingRequest to serve as the device discovery request

too.
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*

The i npl enenting class needs to return a Type that represents

the di scover request fromthe driver whose discoverld can be an
instance of this object's class. If the class supports nore than
one di scover request type, then this should return the type that is
the nost appropriate for the particular instance of the inplenenting
cl ass.

This is fundanental to dev driver's auto-discovery features.

O . T I I

~

@eturn review net hod descri ption.

public Type get Di scover Request Type()

{
return BYourDriver Pi ngRequest . TYPE;

}

Framework Guide

5. Your driver's device id structure, acting also as the device discover params structure, also needs to
define the getDiscoverRequestTypes method (inherited from the interface BIDdfDiscoverParams)
and return an array of size 1, including whatever is returned by the getDiscoverRequestType method:

| **

* Sone drivers might require nultiple, conpletely different requests

* to be used to discover devices. This should not be the case here though.

*

* @eturn review net hod description.
*/
public Type[] getDi scover Request Types()

return new Type[]{get D scover Request Type() };
}

6. Your driver's device id structure, acting also as the device discover params structure, also needs to
define the getDiscoveryLeafType method (inherited from the interface BIDdfDiscoverParams) and
return its own type (since it is acting as both the discover params and as the discovery leaf):

Some drivers could hypothetically group discovery objects. This
met hod returns the Type that will ultimtely formthe bottom
nost, non-grouped di scovery objects. The col umms of the device
manager will be determined fromthis type.

In this case, the discovery |leaf type is also BYourDriverDeviceld.

@eturn revi ew net hod descri ption.
/
public Type get Di scoverylLeaf Type()

{
return get Type();

}

*
*
*
*
*
*
*
*
*
*

NOTE:If your driver communicates directly over Tcp/Ip or Udp/Ip and not through a Tcp/Ip or Udp/Ip gateway
then a discovery is probably not possible. You may be able to do a Udp/Ip multi-cast discovery, depending on

your equipment. However, that is beyond the scope of this tutorial. You will probably have to skip the chapters
that pertain to device discovery (today's lesson).
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Chapter 24 - Create Your Device Discovery Request

In the previous chapter you reviewed your driver's protocol in search of a protocol request that retrieves
information about multiple field-devices. If you were able to find such a request, we will ask you to create a
corresponding request class for your driver. If you were unable to find such a request, and if your driver uses a
serial, master-slave protocol, then we will ask you update your driver's ping request and ping response classes to
make them also serve as the discover request and discover response.

A. If you created a BYourDriverDeviceDiscoverParams class in the previous chapter:

1. Create a class named BYourDriverDeviceDiscoverRequest that extends BDdfDiscoveryRequest in
the package com.yourCompany.yourDriver.comm.req

2. Define the toByteArray method. In the toByteArray method, call getDiscoverParameters() and cast
the result to BYourDriverDeviceDiscoverParams. Most of the information that you need will be
available in this instance of your driver's BYourDriverDeviceDiscoverParams class. You created this
class in the previous chapter.

package com your Conpany. your Dri ver.conm reg;

import comtridiumddf.identify.*;
import comtridiumddf.commreq.*;
i mport javax. baj a. sys. *;

public class BYourDriverDevi ceDi scover Request
ext ends BDdf Di scover yRequest
{
[*-
cl ass BYour Dri ver Devi ceDi scover Request
{

}
Y

public byte[] toByteArray()
{

BYour Dri ver Devi ceDi scover Parans devDscvParans =
(BYour Dri ver Devi ceDi scover Par ans) get Di scover Par anet ers() ;

return new byte[]{
/...
/'l Substitute valuel and value2 with your own properties
(byt e) devDscvPar ans. get Val uel(),
(byt e) devDscvPar ans. get Val ue2(),
/...

3. Update BYourDriverDeviceDiscoverParams (from the previous chapter) - Finish defining the
following method:

public Type get Di scover Request Type()
{

}

return BYour Driver Devi ceDi scover Request . TYPE
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B. If you modified the BYourDriverDeviceld class in the previous chapter to serve in the device discovery:

1. Modify the declaration of BYourDriverPingRequest and make it implement
BIDdfDiscoverRequest. Also make it import the following additional packages:

import comtridiumddf.discover.*;
inmport comtridiumddf.identify.*;

public class BTestDriver Pi ngRequest
ext ends BDdf Pi ngRequest
i npl enent s Bl Ddf Di scover Request

{
o

2. Add the following property to the slotomatic statement of BYourDriverDevicePingRequest

/*-
cl ass BYour Dri ver Pi ngRequest
{

properties

{

di scover Paraneters : BDdf | dPar ans
-- This provides the necessary data that the toByteArray nethod
-- Needs in order to construct the byte array.
-- NOTE: During auto-discovery, the auto discovery job |oops
-- through all possible conbinations of discoverParaneters. Each
-- pass through the | oop, the next discoverParaneters val ue for
-- your driver is passed to this property. Wen you inpl enent
-- the toByteArray nethod, you may cast this to your own
-- discoveryParaneters class (that is what it will ultimately be).
def aul t {[ new BYour Dri ver Devi cel d()]}

}
Y

3. Add the following methods to BYourDriverDevicePingRequest. Please add them exactly as-is. You
shouldn't need to modify these methods, except maybe to change the comments.
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/**

* The setDi scoverer nethod will be passed an instance of
* | Ddf Di scoverer. You need to retain the reference on

* the instance and return it (whenever requested) from
* the getDi scoverer nethod.

*/

| Ddf Di scoverer discoverer = null;

/**

* The BDdf Aut oDi scoveryJob will pass an inner instance
* of itself to the setDiscoverer nethod. In there, you
* need to save away the reference. In here, please return
* the nost recent reference that was passed to the

* set Di scoverer nethod.

*/

publ i c | Ddf Di scoverer getDi scoverer(){return discoverer;}
/**

* The BDdf Aut oDi scoveryJob will pass an inner instance
* of itself here. Please save away the reference. O her
* than that, you should not need to concern yourself

* with this.

*/

public void setDi scoverer (| Ddf Di scoverer discoverer)

{

thi s. di scoverer=di scoverer;

}

NOTES:

« You already defined the toByteArray method during one of the previous day's lessons. You should not
need to change it any further.

. In this scenario, since you are using the ping request as the discover request too, the values of the
deviceld and discoverParameters properties will be equivalent. Since your toByteArray method has
already been implemented to use the deviceld then that will suffice.
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Chapter 25 - Create Your Device Discovery Response

1. Depending on whether you created a special discover request BYourDriverDeviceDiscoverRequest
or whether you are having your driver's ping request BY ourDriverPingRequest also serve as the
discovery request, you should follow either A or B but not both.

A. If you created a class named BYourDriverDeviceDiscoverRequest in the previous chapters of the
day’s lesson:

Create a class named BYourDriverDeviceDiscoveryResponse that extends BDdfResponse and
implements BIDdfDiscoverResponse. Create this class in the package com.yourCompany.
yourDriver.comm.rsp.

package com your Conpany. your Dri ver.conm rsp;

import comtridiumddf.commrsp.*;
i nport javax. baj a. sys. *;

public class BYourDriverDevi ceDi scover Response
ext ends BDdf Response
i npl enent s Bl Ddf Di scover Response

{
/*-
cl ass BYour Driver Devi ceDi scover Response

{

}
o/
}

B. If you decided to have your driver's ping request and device id also serve as the discover request/
discover parameters:

Update the class declaration for BYourDriverPingResponse and declare it so that it implements
BIDdfDiscoverResponse. Also add a statement to import com.tridium.ddf.discover.*.

package com your Conpany. your Dri ver.conm rsp;

import comtridiumddf.conm *;
import comtridiumddf.discover.*;

i mport javax. baj a. sys. *;
public class BYourDriverPi ngResponse

ext ends BDdf Response
i mpl enent s Bl Ddf Di scover Response

{
}

2. In either case, please proceed as follows.
3. Define the getDiscoveryChildren method on the device discovery response. This is a requirement of
the BIDdfDiscoverResponse interface.
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/**

* Thi s nmethod parses the response byte array and returns an

* array of BYourDriverDeviceld objects describing the devices

* that this response is able to identify. This is called during
* the auto discovery process.

*/

publ i c Bl Ddf Di scoveryhj ect[] parseDi scover yObj ect s(Context c¢)

{

}

return null;

Framework Guide

4. The parseDiscoveryObjects method should return an array of BIDdfDiscoveryObject structures that
describe the field-devices that are identified in the response bytes. We recommend that you return an
array of BYourDriverDeviceld objects. It just so happens that BYourDriverDeviceld objects already
implement BIDdfDiscoveryObject (since BYourDriverDeviceld extends BDdfldParams which
implements BIDdfDiscoveryObject).

January 7, 2008

/**
* In our hypothetical protocol, we know that by receiving any
* response to the ping request than the deviceld of the transaction
* represents a device that is online.
*/
publ i c Bl Ddf Di scoveryQhj ect[] parseDi scover yObj ect s( Context c)
{ /! Returns an array of size one, containing just the deviceld
/'l O the response. Please note that for drivers that are not
/'l Re-using the ping request as a discovery request, then this
/1 Method shoul d parse through the response bytes and nmake an
/1 Array of BYourDriverDeviceld whose | ength corresponds to
/'l The nunber of device entries that you determ ne are present
/'l In the response bytes. Then assign each BYourDriverDevi celd
/'l Entry in the array based on what you are able to parse from
/'l The response bytes.
return new Bl Ddf Di scoveryObj ect[]{
(BI Ddf Di scover yQhj ect ) get Devi cel d() . newCopy()
HE
}
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Chapter 26 - Create Your Manager Device Discovery Preferences

In the previous chapters of today's lesson, you defined a device discovery parameters object, device discovery request,
and device discovery response. This chapter will tie all these classes together so that the developer driver's device
manager can use them to discover the devices on your field-bus.

1. Create a class named BYourDriverDeviceDiscoveryPreferences that extends
BDdfAutoDiscoveryPreferences. Create this in the package com.yourCompany.yourDriver.discover.

2. Redefine the timeOut property and specify the default amount of time that your driver should wait after
transmitting your device discovery request before timing out.

3. Redefine the retryCount property and specify the default number of retries that your driver should attempt
after a request times-out (before giving up on that particular request).

4. NOTE: Sometimes during a discovery process it could be helpful to specify shorter time-outs and less retries
so that the entire device discovery process can complete sooner.

5. Redefine the min property and make the default be a copy of whatever your device discovery params class
returns from its getFirst method.

6. Redefine the max property and make the default be a copy of whatever your device discovery params class
returns from its getLast method.

7. OPTIONAL: Redefine the doNotAskAgain property and declare the default value as true if you do not want
the integrator to receive a special prompt when he or she clicks the Discover button on the device manager. If
you set this to true then the discovery process will automatically loop from the min to the max that you also
specify here. Once you finish today's lesson, we encourage you to try this both ways and decide which way
makes the most sense for your driver.

8. NOTE: Your min and max properties will be instances of the device id if you re-use your ping request as the
discovery request. If not, your min and max will be instances of the BYourDriverDeviceDiscoverParams object
that you created during today's lesson.

package com your Conpany. your Dri ver. di scover ;

inmport comtridiumddf.identify.*;
import comtridium ddf.di scover. auto. *;

i mport com your Conpany. yourDriver.identify.*;
i mport javax. baj a. sys. *;

public class BYourDriverDevi ceDi scoveryPref erences
ext ends BDdf Aut oDi scoveryPref er ences
{
/*-
cl ass BYourDri verDevi ceDi scover yPref erences
{
properties
{
timeout : BRel Tine
-- This is the amount of tine to wait per field-bus request before timng out
def aul t {[ BRel Ti me. nakeSeconds(3)]}
sl ot f acet s{[ BFacet s. make( BFacet s. make( BFacet s. SHOW M LLI SECONDS, BBool ean. TRUE) ,
BFacets. M N, BRel Ti me. make(0))]}
retryCount : int
-- This is the nunber of discovery field-nessage retransmn ssions
-- per request.
defaul t{[1]}
sl ot f acet s{[ BFacet s. nake( BFacets. M N, Bl nt eger . nake(0))]}
mn : BDdf | dPar anms
-- This is the id of the | owest device for your driver to attenpt to
-- learn by default
def aul t {[ (BDdf | dPar ans) new BYour Dri ver Devicel d().getFirst()]}
max : BDdf | dPar anms
-- This is the id of the highest device for your driver to attenpt to
-- learn by default

January 7, 2008 Copyright 2008, Tridium, Inc. Page 115



NiagaraAX Developer Driver Framework Guide

def aul t {[ (BDdf | dPar ans) new BYour Dri ver Devi cel d().getLast()]}

-*f

9. Redefine the discoveryPreferences property on BYourDriverNetwork and specify the default value to be an
instance of BYourDriverDeviceDiscoveryPreferences.

o Add the following import statements to the top of BYourDriverNetwork or
BYourDriverGatewayNetwork:

inmport comtridiumddf.discover.*;
import com your Conpany. your Dri ver. di scover. *;

o For a serial network, your serial network component's slotomatic header should look something like
this:

[*-

cl ass BYourDri ver Seri al Net wor k

{ .

properties
{
communi cator : BVal ue
-- This plugs in an instance of yourDriver's
-- communi cator onto the serial network conponent.
-- The Niagara station's platformw || conmunicate
-- over a serial port that is configured on this
-- serial network. You can | ook at the property
-- sheet of this communicator to review the exact
-- settings.
defaul t{[ new BYourDriver Cormuni cator () ]} }
di scoveryPreferences : BDdf Di scoveryPref erences

-- This saves the |ast set of discovery preferences
-- that the user provides on the device nanager. |t
-- is also used as the default for the first Tine
-- that the user is pronpted for a discovery.
defaul t{[ new BYourDri verDevi ceDi scoveryPreferences()]}

}

}
Y

o For a TCP gateway network, your gateway network component's slotomatic header should look
something like this:
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[*-
cl ass BYour Dri ver Gat ewayNet wor k
{ .
properties
{
communi cator : BVal ue
-- This plugs in an instance of yourDriver's
-- communi cator onto the gateway network conponent.
-- The Niagara station's platformw || communicate
-- directly to the correspondi ng gateway unit on the
-- field-bus.
defaul t{[ new BYourDriver Communi cator () ]} }
di scoveryPreferences : BDdf Di scoveryPreferences
-- This saves the last set of discovery paraneters
-- that the user provides on the device nmanager. It
-- is also used as the default for the first Tine
-- that the user is pronpted for a discovery.
defaul t{[ new BYourDriverDevi ceDi scoveryPreferences()]} }

}
Y

o Fora Tcp/Ip network that is not a Tcp/Ip gateway network, device discovery is probably not
possible.

SIDENOTE: If the network supports UDP Multi Cast capabilities then an auto-learn
might still be possible. However, UDP Multi Cast is a subject that is beyond the scope of
this tutorial.

10. Run slotomatic and perform a full build on your driver (as described in Chapter 2).
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Day 4 Conclusion

Congratulations! Your driver is now almost finished. In today's lesson you created a device discovery
parameters structure, a device discovery request, a device discovery response, and a device discovery
preferences structure. In Java code, you made some associations between these and your driver's network. By
doing this, your driver should now support device discovery.

To discover field-devices on your field-bus:

1. Run a station and view your network's Dev Device Manager

0

0

Run a station that has your driver's network component under the drivers folder.
Open a Workbench.

Connect to your station from Workbench.

Expand the station in the Nav tree.

Expand the Config component in the Nav tree.

Expand the Drivers component in the Nav tree.

Double-click your driver's network that you added in the previous day's lessons.
Verify that the Dev Device Manager appears.

You should see a Discover button at the bottom of the Dev Device Manager.

2. Discover the devices on your field-bus.

0

0

0

0

0

Click the Discover button.

Provided that you did not set the default value of the doNotAskAgain property on
BYourDriverDeviceDiscoveryPreferences to true then you should see a window appear
with property-sheet-like representation of BYourDriverDeviceDiscoveryPreferences. If you
did decide to set the default of the doNoteAskAgain property to True then the discovery
procedure will instantly begin within the station.

Click Ok.

The discovery should now be occurring in the station.

The job progress bar at the top of the Dev Device Manager should provide visual feedback
about the completion status of the discovery process.

In your station, the driver will loop through all possible combinations of
BYourDriverDeviceParams from the min to max that was specified on the
window that popped up after you clicked the Discover button.

If all went well then you should see one or more rows in the top half of the Dev
Device Manager. This area of the Dev Device Manager is called the discover
pane. The columns in the discover pane should correspond to the properties in
BYourDriverDeviceld that are defined the MGR_INCLUDE facet.

3. Add one or more device components to your network.

u}
0
0

0
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Select a row in the discover pane and click the Add button.

A window should appear that allows you to optionally edit some information.

Click Ok.

An instance of BYourDriverDevice should appear under your driver's network in your
station.
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Tomorrow we will show you how to update your driver to support discovery of data points in your device. The
procedure for point-discovery is very similar to the procedure that you followed today for adding device-
discovery support to your driver.
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Day 5 - Add Point Discovery Capabilities to Your Driver

As you learned in yesterday's lesson, discovery is a special procedure that a Niagara AX installation technician
follows to easily add driver device components and control point components to his or her Niagara AX
station. Yesterday's lesson instructed you on how to design your driver to automatically add device components
to your driver's network. You did this by defining four Niagara AX components in Java and making associations
amongst them and your driver's network:

1. Device discover parameters
2. Device discover request

3. Device discover response

4. Device discovery preferences

If you are creating a driver that follows a serial, master-slave protocol then you likely modified the device id that
you previously created and made it serve also as the device discover parameters. You likewise modified the ping
request and ping response that you previously created and made them serve also as the device discover request and
device discover response.

Alternatively, you may have decided to create a separate device discovery parameters, device discovery request,
and device discovery response classes.

In both cases, you created a new class for the device discovery preferences structure.

By doing this, the developer driver framework uses these classes and associations in your driver to perform the
discovery feature on your network's Ddf Device Manager.

If you follow the steps in today's lesson and update your driver accordingly, then the developer driver
framework on which your driver is built, will automatically perform all details for the point discovery process.
After following today's procedure, your driver will support discovery of data points within your device. Today's
procedure is very similar to yesterday's procedure, although slightly more complicated.

Chapters -Day 5

. Chapter 27
. Chapter 28
. Chapter 29
. Chapter 30

. Chapter 31
. Conclusion
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Chapter 27 - Create Your Point Discovery Parameters

NOTE: This class is analogous to your driver's read parameters, write parameters, and device discovery
parameters classes that you created during the previous day's lessons. Just as you may have been able to use
your driver's device id as the device discovery parameters class, you may likewise be able to use your driver's read
parameters structure as the point discovery parameters structure.

DISCUSSION: Some protocols feature a message that can be sent to the field-device to ask the field-device for
a list of data points. In that case, the field-devices sometimes return a list of information about all data points in
the device. Alternatively, the request might ask the device for a particular group of data points that fall into a
particular category or classification. If your driver's protocol supports such a message, then you will create five
new classes today. If not, then you will create two new classes and modify your driver's read parameters
structure, read request, and read response to also serve in the point discovery process. The latter scenario is
similar to how the previously day's lesson instructed you to configure your device id, ping request, etc. to also
serve the device discovery mechanism.

Please follow one of the next two paths (A or B, but not both).

A. If your driver's protocol features a message that can be sent to the field-device to ask it for a list data points:

1. Determine what information the request's byte array will need.

2. Create a class named BYourDriverPointDiscoverParams that extends BDdfDiscoveryParams in
the package com.yourCompany.yourDriver.identify.
To do this, create a text file named BYourDriverPointDiscoverParams.java in the jarFileName/src/com/
yourCompany/yourDriver/identify folder. Inside the text file, start with the following text:

package com your Conpany. yourDriver.identify;

import comtridiumddf.identify.*;
i mport javax. baj a. sys. *;

i mport com your Conpany. your Dri ver.commreq. *;
i mport com test Conpany. yourDri ver. di scover. *;

public class BYourDriver Poi nt Di scover Par ans
ext ends BDdf Di scover Par ans

{
/*-
cl ass BYour Dri ver Poi nt Di scover Par ans

{

properties
{
}

}
Y

Based on your driver's protocol document, please be prepared to add properties to the
slotomatic statement to help you construct the byte array in the point discovery request
(you will create the point discovery request in the next chapter). You may return to this class
and add properties to the slotomatic statement for any data values you require to
construct the byte array for your point discovery request (to be created in the next chapter).
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3. Define the getFirst, getLast, getNext, and isAfter methods. These are essential and allow the
developer driver auto discovery process to automatically loop through all possible combinations of
your discovery parameters.

NOTE: Yesterday's lesson explained how to do this for the device discovery process.

getFirst

getLast

getNext

isAfter

The getFirst method should return an instance of
BYourDriverPointDiscoverParams that represents the data that would be placed
in the protocol request to request information about the first data point or series
of data points. If your protocol has no way of identifying a definite first data
point then you will need to be creative here and return an instance of
BYourDriverPointDiscoverParams with all properties set to special values, that
you will determine, such as Integer. MIN_VALUE for int properties.

The getLast method should return an instance of
BYourDriverPointDiscoverParams that represents the data in the protocol
request that would request information about the last device or series of devices.
This might not be possible to accurately define for some protocols. If your
protocol does not have a way of identifying the last series of data points, then
you will need to be creative here and return an instance of
BYourDriverPointDiscoverParams with all properties set to special values, that
you will create, such as Integer. MAX_VALUE for int properties.

The getNext method should return an instance of
BYourDriverPointDiscoverParams that represents the data in the protocol
request that would request the next data point or series of data points, with
respect to the particular instance of BYourDriverPointDiscoverParams. This
method should review the values of some or all of the properties that you add to
BYourDriverPointDiscoverParams. This method should return a new instance
of BYourDriverPointDiscoverParams whose property values are incremented in
such a way that the new instance would represent the data needed in the
toByteArray method of the point discovery request in order to ask the field-
device for information about the next data point or set of data points.

The isAfter method will be passed an instance of
BYourDriverPointDiscoverParams. You should review the property values of
the given instance of BYourDriverPointDiscoverParams and return true if the
current instance would request information about a data point or series of data
points that would be after the data point or series of data points that the given
instance of BYourDriverPointDiscoverParams would identify. If the current
instance represents a data point or series of data points that are before or equal
to the given instance, then this method should return false.

We understand that this can be a bit tricky, since the definitions of first, last, next, and
after can be somewhat vague in some protocols. Please feel free to skip ahead and revisit
this later if you wish.
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As a reference, please see the sample getFirst, getLast, getNext, and isAfter methods
that are illustrated below, for part B.

4. Define the getDiscoverRequestType method and make it return an instance of your driver's point
discovery request. You will create the point discovery request later during today's lesson.

public Type get Di scover Request Type()
{

return BYourDriverDi scoveryRequest. TYPE;

}

5. Define the getDiscoveryLeafType method and make it return a reference to your driver's point
discovery leaf TYPE. The point discovery leaf will be created in a subsequent chapter of today's lesson.

*
* This tells the devel oper driver framework that
* instances of BYourDriverD scoverylLeaf will be
* placed into the discovery list of the point
* manager to represent each data point that the
* driver discovers.

*/
public Type get Di scoverylLeaf Type()
{

return BYour Driver Poi nt Di scoverylLeaf. TYPE;

}

B. If your driver's protocol does not feature a message that can be sent to the field-device to ask it for a list of
data points then you will modify your driver's read parameters to also serve as the point discover parameters.

1. Open the BYourDriverReadParams.java file from day 2 of this tutorial.

2. Modify the class declaration statement and declare that BYourDriverReadParams implements
BIDdfDiscoverParams.

public cl ass BYourDriver ReadPar ans
ext ends BDdf ReadPar ans
i mpl enent s Bl Ddf Di scover Par ans

{
—

3. Your driver's read parameters structure, acting also as the point discover params structure, needs to
satisfy the BIDdfDiscoverParams interface and define the getFirst, getLast, getNext, and isAfter
methods in order to allow the developer driver auto discovery process to automatically loop through
all possible combinations of your discovery parameters.

Please review the discussion concerning these methods as described in part A (in this chapter - above)
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EXAMPLE: In the hypothetical protocol that we used back during day 2 of this tutorial,
the read request retrieves data point values by asking the hypothetical field device for the
values of all points of a certain type and direction (for example, analog inputs, analog
outputs, digital inputs, or digital outputs).

In that scenario, the getFirst method would return an instance of
BYourDriverReadParameters with a type string of analog and a direction string of inputs.
The getNext method would return an instance of BYourDriverReadParameters with a
type string of analog but with a direction string of outputs. That instance's getNext
method would return an instance of BYourDriverReadParameters with a type string of
digital and a direction string of inputs. That instance's getNext method would return an
instance of BYourDriverReadParameters with a type string of digital but with a direction
string of outputs. Finally, the getLast method will return an instance of
BYourDriverReadParameters with a type string of digital and a direction string of outputs.

NOTE: In this example, we have imposed our own ordering for all of the possible
combinations of the sample read parameters structure.

Please define your own version of these methods using the following example as a guide.

NOTE: Your driver's read parameters structure also needs to import packages:

o javax.baja.registry.*
o com.tridium.ddf.discover.”
o com.yourCompany.yourDriver.discover.*

package com your Conpany. yourDriver.identify;

i mport javax. baj a. sys. *;
import javax.baja.registry.*;

import comtridiumddf.identify.*;
import comtridiumddf.discover.*;

i mport com your Conpany. your Dri ver.commreq. *;
i mport com your Conpany. your Dri ver. di scover. *;

public class BYourDriver ReadPar ans
ext ends BDdf ReadPar ans
i mpl enent s Bl Ddf Di scover Par ans

{

/**
* Niagara AX requires a public, enpty constructor, so that it can perform
* |ts own introspection operations.
*/
publ i ¢ BYour Driver ReadPar ans() {}
/**
* This constructor is for our own conveni ence in the nethods getFirst,
* get Next, etc.
*/
publ i ¢ BYourDriver ReadParans(String typeString, String direction)
{
set TypeString(typeString);
setDi rection(direction);

}

January 7, 2008 Copyright 2008, Tridium, Inc. Page 124



NiagaraAX Developer Driver Framework Guide

publ i ¢ Bl Ddf Di scover Par ans get First ()

{
return new BYour Dri ver ReadPar ans("anal og", "i nputs");
}
publ i ¢ Bl Ddf Di scover Par ans get Last ()
{
return new BYourDri ver ReadParans("digital", "outputs");
}

publ i ¢ Bl Ddf Di scover Par ans get Next ()

{ // In all truth, our typeString and direction properties essentially
/1 Could be conbined into a single enuneration. Let's at |east treat
/1 1t that was to help make this nethod sinple.
switch (get Conveni ent Nunber()) // get Conveni ent Nunber is a private
{ /1 method that we created bel ow

case 0: // Current = anal og inputs Next = anal og out puts
return new BYourDri ver ReadPar ans("anal og", "out puts");
case 1: // Current = analog outputs Next = digital inputs

return new BYourDriver ReadParans("digital","inputs");

case 2: // Current = digital inputs Next = digital outputs
return new BYourDriver ReadParans("digital", "outputs");

/Il case 3:

default: // Current = digital outputs Next = anal og inputs
return new BYourDri ver ReadPar ans("anal og", "i nputs");

}
}

publ i c bool ean i sAfter (Bl Ddf Di scover Parans anot her | d)
{ // In all truth, our typeString and direction properties essentially
// Could be conbined into a single enuneration. Let's at |east treat
/1 1t that was to help make this nethod sinple.
return this.getConveni ent Nunmber () > ((BYourDriver ReadPar ans) anot her| d) .
get Conveni ent Nunber () ;

}
| **

* W created up this nethod to help with the isAfter and get Next methods.
*
* This method allows us to effectively enunerate all possible, reasonable
* instances of this class.
*
/
private int getConveni ent Nurmber ()
{ I/l This creates an "ordering" on all reasonable instances of this class.
if (getTypeString().equal s("anal 0g") &&
getDi rection().equal s("inputs"))
{

return O;

else if (getTypeString().equal s("anal og") &&
get Di rection().equal s("outputs"))

{

return 1,

else if (getTypeString().equals("digital") &&
getDi rection().equal s("inputs"))

{

return 2;

else // "digital outputs" or anything else (invalid as it
/1 m ght be)

{

return 3;

}
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4. Define the getDiscoverRequestType method and make it return a reference to your driver's read
request TYPE.

REMINDER: In this scenario, your driver's read request will also serve during the point discovery process.

| **

* The read request will also serve during the
* poi nt discovery process.
*/

public Type get Di scover Request Type()

{

}

return BYourDriver ReadRequest . TYPE;

5. Define the getDiscoverRequestTypes method and make it return an array of size one, with the one
element being a reference to your driver's read request TYPE.
REMINDER: In this scenario, your driver’s read request will also serve during the point discovery process.

public Type[] getDi scover Request Types()
{

return new Type[]{BYourDri ver ReadRequest . TYPE};
}

6. Define the getDiscoveryLeafType method and make it return a reference to your driver's point
discovery leaf TYPE. The point discovery leaf will be created in a subsequent chapter of today's lesson.

/**

* This tells the devel oper driver framework that
* instances of BYourDriverD scoverylLeaf will be
* placed into the discovery list of the point

* manager to represent each data point that the
* driver discovers.

*/

public Type get Di scoverylLeaf Type()

{

}

return BYour Driver Poi nt Di scoverylLeaf . TYPE;

January 7, 2008 Copyright 2008, Tridium, Inc. Page 126



NiagaraAX Developer Driver Framework Guide

Chapter 28 - Create Your Point Discovery Leaf

In this chapter you will create a class to serve as the discovery leaf for your driver's Point Manager.

Review and Discussion
Discovery Leaf - The discovery leaf is part of the developer driver framework that defines the contents of a row in the
Discovered list of the Device Manager or Point Manager.

Device Id - In yesterday's lesson, you updated the class, BYourDriverDeviceld, to allow it serve as the discovery leaf for
your driver's Device Manager. In today's lesson, you will create a dedicated class to serve as the discovery leaf for your
driver's Point Manager.

Point Manager - The Point Manager appears in the Workbench when the point device extension, usually named "points"
under a driver device component is double-clicked from within the Nav Tree of the Niagara AX Workbench. The
Discovered list shows a spreadsheet-like listing of all data points in the field-device. This listing is really a list of all data
points that an installation professional may (at his or option) import into the station to use with Niagara logic, web pages,
etc.

Point Discovery Leaf - For point discovery, you will create a new class to serve as the discovery leaf.

As you may recall from the lesson on days 2 and 3, developer driver control points feature a point id, read parameters, and
write parameters structure. Since developer driver control points feature three structures that define how to read, write,
and p parse the particular data point value, implementing the point discovery leafis not quite as simple as re-using any one
class (as was the case for re-using the device id as the device discovery leaf).

Please follow these steps to create your point discovery leaf:

1. Create a class named BYourDriverPointDiscoveryLeaf that extends com.tridium.ddf.discover.
BDdfPointDiscoveryLeaf. Create this in the package com.yourCompany.yourDriver.discover
To do this, create a text file named BYourDriverPointDiscoveryLeaf java in the jarFileName/src/com/yourCompany/
yourDriver/discover folder. Inside the text file, start with the following text:

package com your Conpany. your Dri ver. di scover;

inmport comtridiumddf.identify.*;
import comtridium ddf.discover.*;
i mport com your Conpany. yourDriver.identify.*;

i nport javax. baja.sys.*;

public class BYourDriverPoi nt Di scoverylLeaf
ext ends BDdf Poi nt Di scover ylLeaf

{
/*-
cl ass BYourDri ver Poi nt Di scover ylLeaf

{
properties
{
}

}
-*/

2. Re-define the readParameters, writeParameters, and pointld properties of BY ourDriverPointDiscoveryLeaf. The
type needs to remain BDdfldParams (from the package com.tridium.ddf.identify) for each. However, define the
defaults for each as being the corresponding class that you created for your driver during days 2 and 3 of this
tutorial. In addition, add the slotfacet MGR_INCLUDE to each.

Use the following example as a guide:
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package com your Conpany. your Dri ver. di scover;

import comtridiumddf.identify.*;
inmport comtridiumddf.discover.*;
i mport com your Conpany. your Driver.identify.*;

import javax. baj a.sys.*;

public class BYourDriverPointDi scoverylLeaf
ext ends BDdf Poi nt Di scover ylLeaf

{
[*-
cl ass BYourDri ver Poi nt Di scoverylLeaf

{

properties

pointld : BDdf I dParans
def aul t {[ new BYour DriverPointld()]}
sl ot facet s{ [ MGR_| NCLUDE] }
readPar aneters : BDdf | dPar ans
def aul t {[ new BYour Dri ver ReadPar ans()]}
sl ot facet s{[ MGR_| NCLUDE] }
writeParanmeters : BDdf | dParans
def aul t {[ new BYour Driver WiteParans()]}
sl ot f acet s{[ MGR_| NCLUDE] }

Yy

3. Implement the getDiscoveryName method and return a Java string that will serve as the recommended name.
Please note that Niagara AX installation professionals will see an instance of BYourDriverPointDiscoveryLeaf
in the Discovered spreadsheet-like list for each data point that your driver finds. If the installation professional
chooses to work further with a particular data point, then he or she will click the Add button to add that data
point to the database and thereby create a fully-qualified driver control point for the item. The string that you
return from this method will be assigned to the newly created driver control point, by default. The framework
will automatically add suffixes, as necessary, to ensure unique names in the database. You may return a simple,
static, string or you may compute the return string based on other information about the discovered point, as the

following example shows:

/**
* When a control point is added to the station fromthe
* Point Manager, it is given this nane by default (possibly
*with a suffix to make it unique).
*/
public String getDi scoveryNane()
{ /] For the test driver, let's return a rather descriptive nane
String typeString = ((BYourDriver ReadPar ans) get ReadPar anet ers()) . get TypeString();
String directionString = ((BYourDriver ReadPar ans) get ReadPar anet ers()).getDirection();
int offset = ((BYourDriverPointld)getPointld()).getOfset();
/| Capitalize the first letter of the typeString and the directionString
typeString = Character.toUpperCase(typeString.charAt(0)) +
typeString. substring(1);
directionString = Character.toUpperCase(directionString.charAt(0)) +
directionString.substring(1);
/] Concatenates everything together and returns the result, for exanple,
/1 Anal ogQut puts_1
return typeString + directionString +

_'+of fset;
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Chapter 29 - Create Your Point Discovery Request

NOTE: This class is similar to your driver's read request, write request, ping request, and device discovery request
classes. Please follow either A or B but not both:

1. If your driver's protocol features a message that can be sent to the field-device to ask it
for a list data points:
o Create a class named BYourDriverPointDiscoverRequest that extends BDdfDiscoveryRequest
in the package com.yourCompany.yourDriver.comm.req
To do this, create a text file named BYourDriverPointDiscoverRequest.java in the jarFileName/src/
com/yourCompany/yourDriver/commy/req folder. Inside the text file, start with the following text:

package com your Conpany. your Dri ver.conm r eq;
inmport javax. baja.sys.*;

inmport comtridiumddf.identify.*;
inmport comtridium ddf.comm *;

inmport comtridiumddf.commreq.*;
inmport comtridiumddf.commrsp.*;

import com your Conpany. yourDriver.identify.*;

public class BYourDriver Poi nt Di scover Request
ext ends BDdf Di scover yRequest
{
/*-
cl ass BYour Dri ver Poi nt Di scover Request
{

}
Y
}

o Define the toByteArray method.
In the toByteArray method, call getDiscoverParameters() and cast the result to
BYourDriverPointDiscoverParams. Most of the information that you need will be available in this
instance of your driver's BYourDriverPointDiscoverParams class. You created this class
previously during today's lesson.
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package com your Conpany. your Dri ver.commreq;
inmport javax. baja.sys. *;

inmport comtridiumddf.identify.*;
inmport comtridium ddf.comm *;

inmport comtridiumddf.commreq.*;
inmport comtridiumddf.commrsp.*;

i mport com your Conpany. yourDriver.identify.*;
i mport com your Conpany. your Dri ver.commrsp. *;

public class BYourDriver Poi nt Di scover Request
ext ends BDdf Di scover yRequest
{
[*-
cl ass BYour Dri ver Poi nt Di scover Request
{

}
Y

public byte[] toByteArray()
{
BYour Dri ver Poi nt Di scover Par ans pt DscvParans =
(BYour Dri ver Poi nt Di scover Par ans) get Di scover Par anet ers() ;

return new byte[]{
/...
/] Substitute valuel and value2 with your own properties
/'l As necessary to construct the outgoing frame that your
/'l Driver's protocol defines for requesting all points or
/'l A series (group) of points froma field-device.
( byt e) pt DscvPar ans. get Val uel(),
( byt e) pt DscvPar ans. get Val ue2(),
/...

HINT: If you require information about the field-device in order to construct the
byte array that the toByteArray method returns then simply call the getDeviceld
method and cast the result to BYourDriverDeviceld!

In fact, all requests have access to the device id in this fashion.

2. If your driver's protocol does not feature a message that can be sent to the field-device to ask it for a list of
data points then you should modify your driver's read request to also serve as the point discover request.
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o Modify the declaration of BYourDriverReadRequest and make it implement
BIDdfDiscoverRequest. Also make it import the following additional packages:
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inmport comtridium ddf.discover.*;
inmport comtridiumddf.identify.*;

public class BYourDriver ReadRequest
ext ends BDdf ReadRequest
i npl enent s BI Ddf Di scover Request

{

}...

o Add the following property to the slotomatic statement of BYourDriverReadRequest

[*-
cl ass BYour Dri ver ReadRequest
{

properties

{

di scover Paraneters : BDdf | dPar ans
-- This provides the necessary data that the toByteArray nethod
-- Needs in order to construct the byte array. Since this class
-- |Is the read request and al so serves as the discovery request,
-- Then this property's value will be a copy of the value of the
-- Read Paraneters property.
def aul t {[ new BYour Dri ver ReadPar ans()]}

-*f

o Add the following methods to BYourDriverReadRequest. Please add them exactly as-is. You
shouldn't need to modify these methods, except maybe to change the comments.

/**

* The setDi scoverer nethod will be passed an instance of
* | Ddf Di scoverer. You need to retain the reference on

* the instance and return it (whenever requested) from
* the get Di scoverer nethod.

*/

| Ddf Di scoverer di scoverer = null;

/**

* The BDdf Aut oDi scoveryJob will pass an inner instance
of itself to the setDi scoverer nmethod. In there, you
need to save away the reference. In here, please return
the nost recent reference that was passed to the

set Di scoverer nethod.

/

public | Ddf Di scoverer getDiscoverer(){return discoverer;}
/**

* The BDdf Aut oDi scoveryJob will pass an inner instance
* of itself here. Please save away the reference. O her
* than that, you should not need to concern yourself

* with this.

*/

public voi d setDi scoverer (| Ddf Di scoverer discoverer)

{
}

* ok k% ok

thi s. di scover er =di scoverer;
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NOTES:

o You already defined the toByteArray method during one of the previous day's lessons. You
should not need to change it any further. It pulls the data necessary to construct the outgoing
frame from the read parameters structure.

o The discover parameters structure will be assigned a copy of the read parameters structure. This is
a special case since you are using the read request also as a discovery request.
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Chapter 30 - Create Your Point Discovery Response

NOTE: This class is similar to your driver's read response, write response, ping response, and device discovery
response classes. Depending on whether you created a special discover request
(BYourDriverPointDiscoverRequest) or whether your driver's read request (BYourDriverReadRequest) is
also serving as the point discovery request, you should follow either A or B but not both.

A. If you created a class named BYourDriverPointDiscoverRequest previously during the day's lesson:

1. Create a class named BYourDriverPointDiscoverResponse that extends BDdfResponse and
implements BIDdfDiscoverResponse. Create this class in the package com.yourCompany.
yourDriver.comm.rsp.
To do this, create a text file named BYourDriverPointDiscoverResponse.java in the jarFileName/src/com/
yourCompany/yourDriver/comm/rsp folder. Inside the text file, start with the following text:

package com your Conpany. your Dri ver.conm rsp;

i npor t
i nport
i mpor t
i mpor t
i mpor t

i nport
i nport

java.util.*;

j avax. baj a. sys. *;

comtridium ddf .
com tridium ddf .
comtridium ddf .

com your Conpany.
com your Conpany.

comm *;
comm rsp. *;
di scover. *;

your Dri ver. di scover. *;
your Driver.identify.*;

public class BYourDriver Poi nt Di scover Response
ext ends BDdf Response
i npl enent s Bl Ddf Di scover Response

{
I*-

cl ass BYour Dri ver Poi nt Di scover Response

{

}

Y
}

2. Define the getDiscoveryChildren method. This satisfies the BIDdfDiscoverResponse interface.

* This nethod parses the response byte array and returns an
* array of BYourDriverPoint Di scoverylLeaf objects describing
* the data points that this response is able to identify.

* This is called during the auto discovery process.

*/

publ i ¢ Bl Ddf Di scoveryObj ect[] parseDi scover yObj ect s(Cont ext c)

{

return null;

}

3. Declare an empty constructor.

publ i ¢ BYourDri ver Poi nt Di scover Response()

{
}
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4. Declare a constructor that takes as parameters any data that you will need to construct the return array
for the parseDiscoveryObjects method.

*

~

* %k ok kb ok ok O

~

publ i ¢ BYour Dri ver Poi nt Di scover Response( | Ddf Dat aFr ane recei veFr ane)

// TODO. Make a copy of any bytes that you need fromthe receiveFrane

Il since the receive frane could be part of an internal

11
}

5. Revisit your driver's point discovery request and implement the processReceive method.

as a paraneter.

Thi s constructor does not necessarily need to take an | Ddf Dat aFr ane

It could take any paraneters that you wi sh to pass

to the response fromthe request's processReceive nethod. The data
that is passed to this constructor will be saved on instance variabl es
and used in the parseDi scoveryQojects nmethod to construct the return
array.

of the receiver.

The processReceive method should return an instance of BYourDriverPointDiscoverResponse. When
invoking the constructor of BYourDriverPointDiscoverResponse, pass in the received data frame
and/or any data that you will need to construct the return array for the parseDiscoveryObjects
method of BYourDriverDiscoverResponse.

package com your Conpany. your Dri ver.conm r eq;

i mpor t
i npor t
i nport
i nport
i mpor t
i mpor t

i npor t

java.util.*;

j avax. baj a. sys. *;
comtridiumddf.identify.*;
comtridium ddf.conm *;
comtridiumddf.commreq.*;
comtridiumddf.conmrsp. *;

com your Conpany. your Dri ver.identify.*;

public class BYourDri ver Poi nt Di scover Request
ext ends BDdf Di scover yRequest

{
[*-

cl ass BYour Dri ver Poi nt Di scover Request

{

}
Yy

publ
{

ic byte[] toByteArray()

BYour Dri ver Poi nt Di scover Par ans pt DscvParans =

(BYour Dri ver Poi nt Di scover Par ans) get Di scover Paraneters();

return new byte[]{

January 7, 2008

/...

/] Substitute valuel and value2 with your own properties
/'l As necessary to construct the outgoing franme that your
/1 Driver's protocol defines for requesting all points or
/] A series (group) of points froma field-device.

( byt e) pt DscvPar ans. get Val uel(),

( byt e) pt DscvPar ans. get Val ue2(),

/...
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publ i ¢ Bl Ddf Response processRecei ve( | Ddf Dat aFrame recei veFr ane)
t hrows Ddf ResponseException

{ // TODO Pass any data to the response that it will need to
/1 inplenment its parseDi scoveryChildren nethod.
return new BYourDri ver Poi nt Di scover Response(recei veFrane) ;

}

6. Finish implementing the parseDiscoveryObjects method on BYourDriverPointDiscoveryResponse.
The parseDiscoveryObjects method should return an array of BIDdfDiscoveryObject structures that
describe the data points that are identified in the response bytes. More specifically, you should return
an array of BYourDriverPointDiscoveryLeaf objects. You already defined your class
BYourDriverPointDiscoveryLeaf during today's lesson. BYourDriverPointDiscoveryLeaf happens to
implement BIDdfDiscoveryObject.

NOTE: Our hypothetical example is really a candidate for the other scenario being covered in this
chapter. However, to illustrate this line item, please use the following implementation of the
parseDiscoveryObjects method as a guide:

| **

* I'n our hypothetical protocol, the request returns a comma-
* separated |ist of analog inputs, anal og outputs, digital
* inputs, or digital outputs.
*/
publ i c Bl Ddf Di scoveryQbj ect[] parseDi scover yOhj ect s(Cont ext c)
{
/1 In our hypothetical protocol, the read request asks to read
/'l either analog or digital outputs or inputs. The field device
/'l Has up to 30 analog or digital outputs or inputs (the exact nunber
/'l can vary). The read response returns all of the corresponding
/1 anal og i nput, analog output, digital input, or digital output val ues
/1 that were requested -- inside a comma delinmted string. The substrings in
/'l between the conmas are signed integers for anal og val ues or
/1 The text "on" or "off" for digital values. The actual values are not
/'l inmportant though. The position is the nost inportant as it provides
/1 us with vital information as to how to read and/or wite the individual
/| data point.
if (rawvalues==null) // Parses each of the values fromthe
parseRawval ues(); // receive frame into a string array.
BYour Dri ver Poi nt Di scoverylLeaf[] di scoveredPoints =
new BYour Dri ver Poi nt Di scover yLeaf [ rawval ues. | engt h] ;
/'l Loops once for each data point in the response data.
for (int i=0; i<discoveredPoints.l|ength; i++)
{
di scoveredPoi nts[i] = new BYourDriver Poi nt Di scoveryleaf ();
/] Sets the typeString property of the discovery |eaf
((BYour Dri ver ReadPar ans) di scover edPoi nts[i]. get ReadParaneters()).
set TypeStri ng(readParans. get TypeString());
/]l Sets the direction property of the discovery |eaf
((BYour Dri ver ReadPar ans) di scover edPoi nts[i]. get ReadParaneters()).
setDirection(readParans. getDirection());
/1l W& know that by returning a value for this index that the data point
/'l Exists in the hypothetical device
((BYour Dri ver Poi nt | d)di scoveredPoi nts[i].getPointld()).setOfset(i);
/] TODO. We could update the witeParaneters on the discovery |eaf too
/1 If we had anything there to update
}

return di scoveredPoints;

}
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B. If you decided to have your driver's read request and read parameters structure also serve as the discover
request/discover parameters:

1. Update the class declaration for BYourDriverReadResponse.

o Declare that it implements BIDdfDiscoverResponse.
o Add a statement to import com.tridium.ddf.discover.;.
o Add a statement to import com.yourCompany.yourDriver.discover.*;.

package com your Conpany. your Dri ver.conm rsp;

i nport javax. baj a.sys.*;
i nport javax. baj a. status.*;

i mport comtridium ddf.conmm *;

import comtridium ddf.commrsp.*;
import comtridiumddf.commreq.*;
i mport comtridium ddf.di scover. *;

i nport com your Conpany. your Driver.identify.*;
i nport com your Conpany. your Dri ver. poi nt.*;
i mport com your Conpany. your Dri ver. di scover. *;

public class BYourDriver ReadResponse

ext ends BDdf Response

i mpl enent s Bl Ddf ReadResponse, Bl Ddf Di scover Response
{

}
2. Define the getDiscoveryChildren method. This satisfies the BIDdfDiscoverResponse interface.

| **

* This nmethod parses the response byte array and returns an
* array of BYourDriverPoint Di scoverylLeaf objects describing
* the data points that this response is able to identify.

* This is called during the auto di scovery process.

*/
publ i c Bl Ddf Di scoveryObj ect[] parseDi scover yObj ect s(Cont ext c)
{
return null;
}

3. The parseDiscoveryObjects method should return an array of BIDdfDiscoveryObject structures that
describe the data points that can be identified in the response bytes. You should return an array of
BYourDriverPointDiscoveryLeaf objects. You already defined this class
(BYourDriverPointDiscoveryLeaf) and it happens to implement BIDdfDiscoveryObject.

Please use the following implementation of the parseDiscoveryObjects method as a guide:
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/**

* I'n our hypothetical protocol, the request returns a comma-
* separated |ist of analog inputs, anal og outputs, digital
* inputs, or digital outputs.
*/
publ i ¢ Bl Ddf Di scoveryQbj ect[] parseDi scoveryQhj ect s( Cont ext c)
{
/1 In our hypothetical protocol, the read request asks to read
/] either analog or digital outputs or inputs. The field device
/1 Has up to 30 analog or digital outputs or inputs (the exact number
/'l can vary). The read response returns all of the correspondi ng
/'l anal og input, analog output, digital input, or digital output values
/'l that were requested -- inside a conma delimted string. The substrings in
/] between the conmas are signed integers for anal og val ues or
/1 The text "on" or "off" for digital values. The actual values are not
/'l inmportant though. The position is the npbst inportant as it provides
/1 us with vital information as to how to read and/or wite the individual
/1 data point.
if (rawvalues==null) // Parses each of the values fromthe
par seRawval ues(); // receive frame into a string array.

BYour Dri ver Poi nt Di scoverylLeaf[] di scoveredPoints =
new BYour Dri ver Poi nt Di scover yLeaf [ rawval ues. | engt h] ;
/'l Loops once for each data point in the response data.
for (int i=0; i<discoveredPoints.|ength; i++)
{
di scoveredPoi nts[i] = new BYourDriver Poi nt Di scoverylLeaf ();
/] Sets the typeString property of the discovery |eaf
((BYour Dri ver ReadPar ans) di scover edPoi nts[i]. get ReadParaneters()).
set TypeStri ng(readParans. get TypeString());
/'l Sets the direction property of the discovery |eaf
((BYour Dri ver ReadPar ans) di scover edPoi nts[i]. get ReadParaneters()).
setDirection(readParans. getDirection());
/1l W& know that by returning a value for this index that the data point
/'l Exists in the hypothetical device
((BYour Dri ver Poi nt | d) di scoveredPoi nts[i].getPointld()).setOffset(i);
/] TODO. We could update the witeParaneters on the discovery |eaf too
/1 1f we had anything there to update
}

return di scover edPoi nts;

}

C. Run slotomatic and perform a full build on your driver (as described in Chapter 2).
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Chapter 31 - Create Your Point Discovery Preferences

In the previous chapters of today's lesson, you defined a point discovery parameters object, point discovery leaf, point
discovery request, and a point discovery response. This chapter will tie all of these classes together so that the
developer driver's point manager can use them to discover the data points available on a field-device.

NOTE: This class is similar to the device discovery preferences class from yesterday's lesson.

1. Create a class named BYourDriverPointDiscoveryPreferences that extends
BDdfAutoDiscoveryPreferences. Create this in the package com.yourCompany.yourDriver.discover.
To do this, create a text file named BYourDriverPointDiscoveryPreferences.java in the jarFileName/src/com/
yourCompany/yourDriver/discover folder. Inside the text file, start with the following text:

package com your Conpany. your Dri ver. di scover;

import comtridiumddf.identify.*;
i nport comtridium ddf.di scover. auto. *;

i nport com your Conpany. your Driver.identify.*;
i nport javax. baj a. sys. *;

public class BYourDriverPointDi scoveryPref erences
ext ends BDdf Aut oDi scover yPref er ences

{
/*-
cl ass BYour Dri ver Poi nt Di scover yPref erences

{

properties
{
}

}
-*/

2. In the slotomatic properties section, redefine the following properties:
timeOut

Specify the default amount of time that your driver should wait after transmitting your point
discovery request before timing out.

retryCount

Specify the default number of retries that your driver should attempt after a request times-out
(before giving up on that particular request).

NOTE: Sometimes during a discovery process it could be helpful to specify shorter time-outs
and less retries so that the entire point discovery process can complete sooner.

min

Specify the default to be a copy of whatever your point discovery parameters class returns from
its getFirst method (or whatever your read request parameters class returns from its getFirst
method, if you chose to have it serve in the discovery process).

max

Specify the default to be a copy of whatever your point discovery params class returns from its
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getLast method (or whatever your read request parameters class returns from its getLast
method, if you chose to have it serve in the discovery process).

NOTE: Your min and max properties will be instances of the read request id if you re-use your
read request as the discovery request. If not, your min and max will be instances of the
BYourDriverPointDiscoverParams object that you created during today's lesson.

doNotAskAgain (optional)

Declare the default value as True if you do not want the integrator to receive a special prompt
when he or she clicks the Discover button on the device manager. If you set this to true then the
discovery process will automatically loop from the min to the max that you also specify here.
Once you finish today's lesson, we encourage you to try this both ways and decide which way
makes the most sense for your driver.

Please use the following source as a guide:

package com your Conpany. your Dri ver. di scover;

import comtridiumddf.identify.*;
i mport comtridium ddf.di scover. auto.*;

i nport com your Conpany. your Driver.identify.*;
i nport javax. baj a. sys. *;

public class BYourDriverPointDi scoveryPreferences
ext ends BDdf Aut oDi scover yPref erences

{
/[ *-
cl ass BYour Dri ver Poi nt Di scover yPref erences
{
properties
{
timeout : BRel Tinme
-- This is the amount of time to wait per field-bus request before timng out
def aul t {[ BRel Ti me. makeSeconds(3)]}
sl ot f acet s{[ BFacet s. make( BFacet s. make( BFacet s. SHON M LLI SECONDS, BBool ean. TRUE) ,
BFacets. M N, BRel Ti ne. make(0))]}
retryCount : int
-- This is the nunber of discovery field-nessage retransm ssions
-- per request.
defaul t {[1]}
sl ot f acet s{[ BFacet s. nake(BFacets. M N, Bl nt eger . nake(0))]}
mn : BDdf | dParans
-- This is the id of the | owest data point for your driver to attenpt to
-- learn by default
def aul t {[ (BDdf | dPar ans) new BTest Dri ver ReadParans().getFirst ()]}
max : BDdf | dPar anms
-- This is the id of the highest point for your driver to attenpt to
-- learn by default
def aul t {[ ( BDdf | dPar ans) new BTest Dri ver ReadPar ans() . get Last ()]}
}
}
-*/
}

3. Redefine the discoveryPreferences property on the BYourDriverPointDeviceExt class that you created

back during the lesson for day 2. Specify the default value to be an instance of

January 7, 2008 Copyright 2008, Tridium, Inc.



NiagaraAX Developer Driver Framework Guide
BYourDriverPointDiscoveryPreferences.

NOTE: Please also add statements to import com.yourCompany.yourDriver.discover.*; and com.tridium.
ddf.discover.*;

package com your Conpany. your Dri ver;

inport javax.baj a.sys.*;
inmport javax.baja.util.*;

inmport comtridiumddf.*;
inmport comtridiumddf.discover.*;

i mport com your Conpany. your Dri ver. point.*;
i mport com your Conpany. your Dri ver. di scover. *;

public class BYourDriver Poi nt Devi ceExt
ext ends BDdf Poi nt Devi ceExt

{
[*-
cl ass BYour Dri ver Poi nt Devi ceExt
{
properties
{
di scoveryPreferences : BDdf Di scoveryPref erences
-- This saves the |ast set of discovery paraneters that the user provided.
-- It also allows the dev driver framework to automatically |earn points
fl ags{ hi dden}
defaul t{[ new BYourDri ver Poi nt Di scoveryPreferences()]}
}
}

_x/

4. Run slotomatic and perform a full build on your driver (as described in Chapter 2).
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Day 5 Conclusion

Congratulations! You have followed all of the steps of the Developer Driver Tutorial! In today's lesson you
created a point discover parameters structure, a point discovery leaf, a point discover request, a point
discover response, and a point discovery preferences structure. In Java code, you made some associations
between these and your driver's point-device-extension. By doing this, your driver now supports point

discovery.

To discover data points that are in a device:

1. Run a station and view your network's Point Manager

0

Run a station that has your driver's network component under the drivers folder and that has
at least one of your driver's device components under your driver's network component.
Open a Workbench.

Connect to your station.

Double click the station.

Expand the network in the navigation tree.

Expand the device in the navigation tree that is under your network.

In the navigation tree, double click the Points folder that is under the device.

NOTE: The Points folder is your driver's point-device-extension.

Verify that the Point Manager appears.
You should see a Discover button at the bottom of the Point Manager.

2. Discover the points on your field-bus.
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Click the Discover button.

Provided that you did not set the default value of the doNotAskAgain property on
BYourDriverPointDiscoveryPreferences to true then you should see a window appear with
a property-sheet-like representation of BYourDriverPointDiscoveryPreferences.

Click Ok.

The discovery should now be occurring in the station.

The job progress bar at the top of the Point Manager should provide visual feedback about
the completion status of the discovery process.

In your station, the driver will loop through all possible combinations of
BYourDriverPointDiscoverParams from the min to max that was specified on
the window that popped up after you clicked the Discover button (or if you
configured the default for the doNotAskAgain property to be True then the
driver will loop automatically from the min to the max.

If all went well then you should see one or more rows in the top half of the Point
Manager. This area of the Point Manager is called the discover pane. The
columns in the discover pane should correspond to the properties that are
declared with the MGR_INCLUDE facet on the read parameters, write
parameters, and point id structures that you defined on
BYourDriverPointDiscoveryLeaf.
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3. Add one or more driver control point components to your network.

o Select a row in the discover pane and click the Add button.

o A window should appear that shows you the driver control point and its initial values that are
about to be added to the database. You will be allowed to modify any data values that you
desire. However, the defaults should be exactly as you declared in your discovery response's
getDiscoveryChildren method.

o Click Ok.

o A Niagara AX control point, with an fully configured instance of your driver's proxy
extension, should appear under your device's "Points" folder in your station.

The driver should automatically start polling the control point and updating the
control point's out value.
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Appendix 1 - Driver Actions

This appendix describes how to add an action to your driver's device or proxy extension in Niagara AX such
that when the action is invoked, either by a Niagara-AX user or by some Niagara-AX logic, your driver instructs
the field device to perform a special function.

For example, some driver protocols feature a reboot message that when sent to a field-device over the field-bus,
the field-device will reboot. If your protocol features such a message then you can add a reboot action to your
driver's device class. By following these steps, when the reboot action is invoked from Niagara-AX, your driver
will transmit a reboot request to corresponding field-device causing the field-device to reboot.

Please note that the reboot example is just one of many possibilities. Your driver's protocol might not
necessarily support reboot but it might support some other special behavior. Another somewhat typical
example is a change time feature. In any event, the procedure for implementing this in your driver is as follows:

1. Add an action to your device.

o Add an action to the slotomatic statement in the java file for your driver's device.

o Save the java file.

o Run the slotomatic utility against your driver

o Add an empty do... method to your device's java file. For example, if you called the action
something in the slotomatic statement, then add a Java method called doSomething to your
device's java file. The method needs to be defined with the public identifier.

2. Define a request and a response to tell the field-device what to do.

o Create a request class and a response class.

o Make the request class extend BDdfResponse.

o Call getDeviceld in the toByteArray method for the request.

o Cast the result as an instance of your device's device id class.

o Following your equipment's protocol, construct the byte array to instruct the appropriate
field-device to do something.

o Make the response extend BDdfResponse.

o From the processReceive method of the request, return a BDdfResponse if the given data frame
is as expected.

3. Have your do... method (for the new action that you added to your device) place an instance of the
request onto the device's communicator.

o Call getDdfCommunicator().communicate( new BYourDriverDoSomethingRequest() ); from the
do... method that defines the action's behavior.

o Note that the call to communicate is a non-blocking call. Please read further for an
explanation of how to perform special processing on the response.

4. To update your device after receiving the response to the Do Something request:

o Give the request a constructor that takes the device as a parameter.

o Inyour device's do... method, pass an instance of the device (using the Java this keyword) to
the request.

o Make the request class implement the BIDdfCustomResponse interface from the com.
tridium.ddf.comm.rsp package in the devDriver jar.
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Declare a processResponse method on the request. The developer driver framework will
automatically call this method when the do something response is received for the do
something request. The do something response is passed in as a parameter.

In the processResponse method, you may use the reference to your device (the reference that
you passed to the request's constructor) and update your device accordingly.

Declare a process Timeout method on the response. This method is automatically called if the
do something request times out. You may add any Java code here that you wish (or you may
leave the method empty).

Declare a processErrorResponse method on the response. This method is automatically called
if the do something request's processRecieve method throws a DdfResponseException. You may
add any Java code here that you wish (or you may leave the method empty).

Declare a processLateResponse method on the response. This method is automatically called if
the do something response is received after the request times out. Please note that this can
only happen if your driver uses a multiple-transaction-communicator. You may add any Java
code here that you wish (or you may leave the method empty).
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Appendix 2 - Device Manager Buttons

Q: How do I add a button to the device manager?

A: com.tridium.ddf.ui.device. BDdfDeviceMgrAgent

. Make a class that extends com.tridium.ddf.ui.device. BDdfDeviceMgrAgent

. Inyour driver's module-include file, declare your device manager agent class as an agent on your
driver's network.

. The BDdfDeviceMgrAgent class implements the interface BIDdfDeviceMgrAgent. Here are the
method declarations for BIDdfDeviceMgrAgent. Please review these.

/**
* This name can be either just a name or a | exicon key that defines the button text
and the
* optional button |abel.
*
/
public String getU Nane();

[ **

*

This nethod is called when the user clicks the
correspondi ng button on the device nmanager for this
agent . The devel oper may define any functionality
here.

NOTE: This will execute on the client-side proxy's
virtual machine. Any access to the server-side
host will therefore have to be through properties,
actions, etc.

@aram a reference to the device nanager
@aram a reference to the network that the device nanager is
operating upon

@eturn an undo/redo conmand artifact or null
/
public CommandArtifact dol nvoke(BDdf Devi ceManager devi ceManager, BDdf Networ k networ k) ;

ECE R

*

/
This method is called when the ddf devi ce manager

is created. It allows the devel oper to specify the MGR CONTROLLER fl ags
that govern whether a button, nmenu item toolbar item etc. is created
for this agent.

@eturn

L

~

public int getFlags();

*

/
The devel oper shoul d review the gi ven BDdf Devi ceManager and consi der
updating (eg. enabl e/disable) the given agent Command and/or any ot her
conmands on the manager's controller. The nethod is called anytine
there is a change of state on the device nmanager (eg. discovery |ist
sel ecti on change, database |ist selection change, database conponent
event, |earn node changed, etc.)

L R

For exanple (to enable the agent's U widget(s) if one database itemis sel ected):
agent Conmand. set Enabl ed( devi ceManager . get Control | er (). get Sel ect edRows() .| ength ==
1);
* For exanple (to enable the agent's U w dget(s) if one or nore database itens are
sel ected):
* agent Conmand. set Enabl ed( devi ceManager . get Control | er(). get Sel ect edRows() .| ength > 0);
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0);

*

EE I R

*

*/
public voi d updat e( BDdf Devi ceManager devi ceManager, Ddf Devi ceMgr Agent Conmand

For exanple (to enable the agent's U widget(s) if zero database itens are sel ected):
agent Command. set Enabl ed( devi ceManager . get Control | er (). get Sel ect edRows() .| ength ==

@ar am devi ceManager
@ar am agent Command this is a special instance of | MgrCommand. It is

a reference to the corresponding GU command (button, nmenu item and/or
t ool bar button) on the device manager.

agent Commrand) ;

NOTE: BDdfDeviceMgrAgent provides default implementations of the update and getFlags
methods. Therefore, you really only need to define the getUiName and doInvoke methods.
BDdfDeviceMgrAgent's default implementation of update does nothing. You should override this if
you need to enable or disabled the agent's button or otherwise change the appearance of the device
manager (to enable or disable other buttons, etc). Remember, the update method is called often
(basically whenever there is any detectable change on anything related to the device manager).
BDdfDeviceMgrAgent's default implementation of getFlags always returns MgrController. BARS.
This places your agent onto the device manager as a button, menu item, and toolbar item (if you
specify a lexicon key that defines a toolbar icon from your getUiName method).

Following this procedure will place a button, menu item, and (or) toolbar button onto the device
manager (depending on the value that the getFlags method returns). When either of these are clicked
on the Device Manager, your agent's doInvoke method will be called (on the client-side) Java virtual
machine. This is where you may define any behavior that should happen as a result.

NOTE: In order to make complete use of a Device Manager Agent, some familiarity with aspects of
the core bajaui and baja driver framework will be required. For example, the value returned by
the getFlags method needs to be a Java int with various flags bit wise or'd from the javax.baja.
workbench.mgr.MgrController class. These flags can be:

. MgrController. MENU_BAR causes the agent to be represented as an item in the Device
Manager's main menu.

. MgrControler ACTION_BAR causes the agent to be represented as a button along with
the other buttons towards the bottom of the Device Manager (such as the Add, Edit, and
Discover buttons).

. MgrController. TOOL_BAR causes the agent to be represented as a toolbar item,
provided that the agent's get{/iName returns a lexicon base key and the lexicon base key
contains a.icon definition (this is explained further below)

« MgrController.BARS causes the agent to be represented as all of the above. This is
equivalent to MENU_BAR | ACTION_BAR | TOOL_BAR.

Example

Here is an example that places an item onto the menu bar, action bar, and toolbar.
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BTestDeviceMgrButton.java

package comtest Conpany.testDriver. ui;

i nport javax. baj a. sys. Sys;
i nport javax. baj a. sys. Type;
i nport javax. baj a.ui.ConmandArti fact;

i nport comtridi um ddf . BDdf Net wor k;

i nport com tridium ddf. ui.Ddf MgrControl | erUtil . Ddf Devi ceMgr Agent Conmand;
i nport comtridi um ddf. ui.devi ce. BDdf Devi ceManager ;

i nport comtridium ddf. ui.devi ce. BDdf Devi ceMyr Agent ;

public class BTest Devi ceMyr Butt on
ext ends BDdf Devi ceMgr Agent

{
/*-
cl ass BTest Devi ceMgr But t on
{
}
Y
A BEG N BAJA AUTO GENERATED CODE ------------ +*/

/*@ $com t est Conpany. t est Dri ver. ui . BTest Devi ceMyr But t on(1190303087) 1. 03 @/
/* Generated Fri Jun 01 10:40:57 EDT 2007 by Slot-o-Mtic 2000 (c) Tridium Inc. 2000 */

PEELLEELE LT r i
/'l Type
PELLLETLEL LT r i r i i

public Type get Type() { return TYPE }
public static final Type TYPE = Sys.| oadType(BTest Devi ceMyr Butt on. cl ass) ;

J8r ~amm oo END BAJA AUTO GENERATED CODE - ------=-=---- +*

/**
* This name can be either just a name or a |lexicon key that defines the button text
and the
* optional button |abel.
*
/
public String getU Nane()

{

return "DeviceMr. Test Button";
}
/

*

This nethod is called when the user clicks the
correspondi ng button on the device nmanager for this
agent . The devel oper may define any functionality
here.

NOTE: This will execute on the client-side proxy's
virtual machine. Any access to the server-side
host will therefore have to be through properties,
actions, etc.

@aram a reference to the device nanager
@aram a reference to the network that the device nanager is
operating upon

E N R

*

* @eturn an undo/redo command artifact or null

*/
public CommandArtifact dol nvoke(BDdf Devi ceManager devi ceManager, BDdf Networ k networ k)
{
Systemout.println("' Test' button clicked on the device manager!");
return null;
}
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/**

* The devel oper should review the given BDdf Devi ceManager and consi der

* updating (eg. enabl e/disable) the given agent Command and/ or any ot her

* commands on the manager's controller. The nmethod is called anytine

* there is a change of state on the device manager (eg. discovery list

* sel ection change, database |ist selection change, database conponent

* event, |earn node changed, etc.)

*

* For exanple (to enable the agent's U widget(s) if one database itemis selected):

* agent Command. set Enabl ed( devi ceManager . get Control | er(). get Sel ect edRows() .l ength ==
1);

*

* For exanple (to enable the agent's U widget(s) if one or nore database itens are
sel ected):

* agent Command. set Enabl ed( devi ceManager . get Control | er (). get Sel ect edRows() .l ength > 0);

*

* For exanple (to enable the agent's U widget(s) if zero database itens are sel ected):

* agent Command. set Enabl ed( devi ceManager . get Control | er(). get Sel ect edRows() .l ength ==
0);

*

* @ar am devi ceManager

*

*

@ar am agent Conmand this is a special instance of | MgrComand. It is

* a reference to the corresponding GU conmmand (button, nmenu item and/or

* tool bar button) on the device manager.

*/

public voi d updat e( BDdf Devi ceManager devi ceManager, Ddf Devi ceMgr Agent Conmand
agent Comrand)

/] To disable the agent's button, tool bar button, and nenu-item | would need to
/1 Do this:
/' agent Command. set Enabl ed(f al se);

module-include.xml
The testDriver's module-include.xml file defines the BTestDeviceMgrButton as follows:

<types>
<l-- Type Exanpl e:
<t ype nanme="Your d ass" cl ass="com yourDriver. BYourC ass"/>
-->
<t ype nane="Test Devi ceMgr Button" cl ass="com t est Conpany.testDriver. ui.
BTest Devi ceMgr But t on" >
<agent >
<on type="nyTest: Test Dri ver Net wor k"/ >
</ agent >
</type>

<type nane="TestDri ver Net wor k" cl ass="com test Conpany.testDriver.BTestDri ver Net work"/>

</types>

This defines BTestDeviceMgrButton as an agent on the BTestDriverNetwork component. When initializing itself,
the ddf device manager that BTestNetwork automatically receives (since it extends com.tridium.ddyf.
BDdfNetwork) reviews the network on which it is operating (BTestNetwork in this case) and adds action buttons,
toolbar buttons, and menu items for each type in the driver whose class implements BIDdfDeviceMgrAgent
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provided that the type is registered as an agent on the corresponding network type for the driver.

module.lexicon

Devi ceMyr . Test Butt on. | abel =Test Devi ce

Devi ceMyr . Test Butt on. i con=nodul e: // nyTest /i mages/ nyTest . png

Devi ceMyr . Test But t on. accel er at or =CTRL+SHI FT+ALT+T

Devi ceMyr . Test Butt on. descri ption=This is a test button on the device manager

Please notice that the getl/iName method returns "DeviceMgr. TestButton". The module.lexicon (which is a text,
properties file) defines entries for:

. DeviceMgr.TestButton.label
+ DeviceMgr.TestButton.icon
. DeviceMgr.TestButton.accelerator
. DeviceMgr.TestButton.description

Here is a description and explanation of each:

DeviceMgr.TestButton.label=Test Device
Defines the text that will be displayed inside the corresponding button on the device manager and for
the corresponding menu item on the device manager.
DeviceMgr.TestButton.icon=module://myTest/images/myTest.png
OPTIONAL. Defines the icon that will be displayed inside the corresponding button, menu item, and
toolbar button on the device manager. This identifies a sixteen-by-sixteen image of png format.
DeviceMgr.TestButton.accelerator=CTRL+SHIFT+ALT+T
OPTIONAL. Defines the hot key that will cause the corresponding button, menu item, and toolbar
button to be invoked from the device manager.
DeviceMgr.TestButton.description=This is a test button on the device manager
OPTIONAL. Niagara will use the description as it deems necessary to provide a hint to the end-user
explaining the function of the corresponding button, menu item, and toolbar button. For example,
Niagara might place this description into the Workbench status line.

The getUiName method, however, does not have to return a base into the lexicon. Alternatively, the getUiName
method can return a single key into the lexicon. If that is the case, then the device manager will use the
corresponding text directly as the label for the button and the menu text. This manner does not define an icon,
however, so no toolbar button will be generated (even if the getFlags method dictates otherwise).

Finally, if the String returned by the getl/iName method is not found in your driver's lexicon at all then the
String itself will be used as the button and menu item's label (no toolbar button will be generated).
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Appendix 3 - Point Manager Buttons

Q: How do I add a button to the point manager?
A: com.tridium.ddf.ui.point. BDdfPointMgrAgent

« The procedure for this is very similar to the procedure for adding a button to the device manager as
described in Appendix 2.

. Make a class that extends com.tridium.ddf.ui.point. BDdfPointMgrAgent

. Inyour driver's module-include file, declare your point manager agent class as an agent on your
driver's device or point-device-extension.

. The BDdfPointMgrAgent class implements the interface BIDdfPointMgrAgent. Here are the
method declarations for BIDdfDeviceMgrAgent. Please review these.

/**
* This nanme can be either just a name or a |exicon key that defines the button text
and the
* optional button |abel.
*
/
public String getU Nane();

[ **

*

This nethod is called when the user clicks the
correspondi ng button on the point nmanager for this
agent. The devel oper may define any functionality
here.

NOTE: This will execute on the client-side proxy's
virtual machine. Any access to the server-side
host will therefore have to be through properties,
actions, etc.

@aram a reference to the point nanager

@aram a reference to the network that is above the point device extension
that the point nmanager is operating upon.

@aram a reference to the device that is above the point device ext

that the point manager is operating upon

@aram a reference to the point-device-ext that the point nanager

i s operating upon.

@eturn an undo/redo command artifact or null
/

public CommandArtifact dol nvoke(BDdf Poi nt Manager devi ceManager, BDdf Networ k networ k,
BDdf Devi ce devi ce, BDdf Poi nt Devi ceExt pt DevExt);

L R R

*

/
This method is called when the ddf point nmanager

is created. It allows the devel oper to specify the MGR CONTROLLER fl ags
that govern whether a button, nmenu item toolbar item etc. is created
for this agent.

@eturn

L

~

public int getFlags();

*

/
The devel oper shoul d review the gi ven BDdf Poi nt Manager and consi der
updating (eg. enabl e/disable) the given agent Command and/or any ot her
conmands on the manager's controller. The nethod is called anytine
there is a change of state on the point nanager (eg. discovery I|ist
sel ecti on change, database |ist selection change, database conponent
event, |earn node changed, etc.)

L
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sel

*
*
*
*
e
*
*
*
*
*
*
*
*
*

*

*/

For exanple (to enable the agent's U widget(s) if one database itemis selected):
agent Command. set Enabl ed( poi nt Manager . get Control | er (). get Sel ect edRows() .l ength == 1);
For exanple (to enable the agent's U widget(s) if one or nore database itens are
cted):
agent Command. set Enabl ed( poi nt Manager . get Control | er (). get Sel ect edRows() .l ength > 0);
For exanple (to enable the agent's U widget(s) if zero database itens are sel ected):
agent Command. set Enabl ed( poi nt Manager . get Control | er (). get Sel ect edRows() .| ength == 0);
@ar am poi nt Manager
@ar am agent Command this is a special instance of |MgrComand. It is

a reference to the corresponding GU comrand (button, nmenu item and/or
t ool bar button) on the device manager.

public voi d updat e( BDdf Poi nt Manager poi nt Manager, Ddf Poi nt Mgr Agent Command agent Conmmand) ;

NOTE: BDdfPointMgrAgent provides default implementations of the update and getFlags methods.
Therefore, you really only need to define the getUiName and doInvoke methods.
BDdfPointMgrAgent's default implementation of update does nothing. You should override this if
you need to enable or disabled the agent's button or otherwise change the appearance of the device
manager (to enable or disable other buttons, etc). Remember, the update method is called often
(basically whenever there is any detectable change on anything related to the point manager).
BDdfPointMgrAgent's default implementation of getFlags always returns MgrController.BARS.
This places your agent onto the device manager as a button, menu item, and toolbar item (if you
specify a lexicon key that defines a toolbar icon from your getUiName method).

Following this procedure will place a button, menu item, and (or) toolbar button onto the point
manager (depending on the value that the getFlags method returns). When either of these are clicked
on the Point Manager, your agent's doInvoke method will be called (on the client-side) Java virtual
machine. This is where you may define any behavior that should happen as a result.

NOTE: In order to make complete use of a Point Manager Agent, some familiarity with aspects of
the core bajaui and baja driver framework will be required. For example, the value returned by
the getFlags method needs to be a Java int with various flags bit wise or'd from the javax.baja.
workbench.mgr.MgrController class. These flags can be:

. MgrController. MENU_BAR causes the agent to be represented as an item in the Point
Manager's main menu.

. MgrControler ACTION_BAR causes the agent to be represented as a button along with
the other buttons towards the bottom of the Point Manager (such as the Add, Edit, and
Discover buttons).

. MgrController. TOOL_BAR causes the agent to be represented as a toolbar item,
provided that the agent's getl/iName returns a lexicon base key and the lexicon base key
contains a.icon definition (this is explained further below)

. MgrController.BARS causes the agent to be represented as all of the above. This is
equivalent to MENU_BAR | ACTION_BAR | TOOL_BAR.
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Example

Please refer to the example provided in appendix 2. Although that example illustrates how to implement an
agent on the device manager, everything required of the point manager is analogous to everything that is
required for the device manager.
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Appendix 4 - Exclusive Communications Access

Q: How do I gain exclusive access to the field-bus, in order to perform something special in my driver?
A: Override the grantAccess method in your driver's communicator.

The grantAccess method is called each time that a request is pulled off of the communicator's queue but
before any processing occurs on the request. If the grantAcess method returns false for the request, then the
request is placed back onto the tail of the communicator's queue, asynchronously, after a short period of time.
You may define the grantAccess method to return true only for certain requests, depending on some internal
state or scenario that you are maintaining or that you detect in your driver.

Please note that by default, the grantAccess method simply returns true. That allows all requests to proceed
normally. To gain exclusive access to your field-bus, you may define any restrictions in your overrided version
of this method.

Example

The following example allows only certain types of requests to be processed (transmitted onto the field-bus)
when certain conditions are in effect. If those certain conditions are not in effect, then this example allows all
requests to be processed (transmitted onto the field-bus).

/**

* This nethod is called for each request that is dequeued.

*

* Overridden in Sanple driver to provi de exclusive access to the

* communi cat or when doing term nal nbde sessions and backups and/ or

* restores of the controllers.

*

* |f returning true then the request will be processed

* imrediately (transmitted and schedul ed for response checking). If

* the devel oper returns false then the request will be placed back

* in the back of the conmunicator queue.

*

* @aram ddf Request this is a request that was just pulled off of the
* conmmuni cat or queue. However, this request has not yet been processed.
* This request will be processed imediately if this nethod returns

* true. This request will be processed later if this nethod returns

* fal se.

*

* @eturn true, unless the backup, restore, or term nal node is active, and
* the request is a Reload, ReloadLine, or Keystroke conmand.
*/
prot ected bool ean grant Access( Bl Ddf Request ddf Request)
{
BSanpl eNet wor k net wor k = ( BSanpl eNet wor k) get Parent () ;
/1 In term nal nobde, the end-user has visited a Vt100 term nal display from
/1w thin Wrkbench AX. He or she may type at the keyboard and the correspondi ng
/'l keys are passed through to the field-device. Wile in this node, routine
/] driver pinging, polling, etc. needs to tenporarily stop.
i f (network.isTerm nal ModeActive())
return ddf Request instanceof BSanpl eKeystrokeRequest;

/1 1f the driver is backing-up the field-device, then routing pinging, polling,

/] etc. needs to tenporarily stop so as not to confuse the field-device while

/1 the back-up is occuring. The backup procedure uses BSanpl eKeystrokeRequest

// to comunicate to the field-device. Therefore, if the field-device is being

/| backed-up, then this only all ows BSanpl eKeystrokeRequest requests to be

/| processed.

i f (networ k. get BackupMbdeActive()) // Backup procedure uses BSanpl eKeystrokeRequest
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return ddf Request instanceof BSanpl eKeystrokeRequest; // To peformthe backup

/1 If the driver is reloading the field-device then only those request types that
/'l are used during the reload process will be allowed to proceed. Any others will
/'l be denied access to the field-bus.

i f (network. i sRel oadMbdeActive())

{
return (ddf Request instanceof BSanpl eRel oadNet Request) ||
(ddf Request i nstanceof BSanpl eRel oadLi neRequest) |
(ddf Request i nstanceof BSanpl eKeystrokeRequest);
}

/1 1f none of the above scenarios are in effect, then any request type nmay
/'l be granted access to the field-bus at this exact nonment in tine.
return true;
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Appendix 5 - Defining Tags For Outgoing Requests and
Incoming Frames

The BDdfReceiver features a computeTag method. Although this method might not be overridden for every
driver, overriding it can be very helpful. The computeTag method is used to optimize the algorithm that
matches incoming data frames with previously transmitted requests.

Requests (that extend BDdfRequest or implement BIDdfRequest) also feature a getTag method that can be
overridden. Any incoming data frame whose tag, as computed by the computeTag method "equals” the tag
that is returned from an outstanding request will be passed to the outstanding request's processReceive
method.

By default, the getTag method of BDdfRequest returns BString. DEFAULT. Likewise, the default computeTag
method from BDdfReceiver also returns BString. DEFAULT. This naturally causes all incoming data frames to
be passed to the processReceive method of all outstanding requests.

By overriding these two methods and defining tags, the developer driver framework will automatically pass the
appropriate incoming data frames to the appropriate outstanding requests.

If the tag for an incoming data frame does not match up with the tag of a recently transmitted request, then the
incoming data frame will be routed to the driver's unsolicited receive handler. This is described further in the
next appendix.
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Appendix 6 - Processing Unsolicited Received Data Frames

General Discussion

Being built upon the developer driver framework, when a driver places a request on its communicator, the byte
array representation of the request is transmitted onto the driver's field-bus. Subsequently, all data frames that
are received before the request times out will be passed to the request's processReceive method. If the request
defines the getTag method and if the communicator component's receiver defines the computeTag method,
then only those incoming data frames whose tag matches the tag of the recently communicated request will be
passed to the request's processReceive method.

If the developer does not implement the get 7ag method then all received frames will be passed to the recently
transmitted request until the request times out. Otherwise, only those data frames with a tag that matches the
request's tag will be passed to the request. In both scenarios, all such data frames are passed to the request until
the request times out, returns a completed response from its processReceive method, or throws a
DdfResponseException from its processReceive method.

There are two scenarios to consider where incoming data frames could be treated as unsolicited data frames:

1. In the case where request and receive frame tags are in use, any incoming data frame whose tag does
not match the recently transmitted request (or requests, if the driver uses a multiple transaction
communicator) will be passed to the communicator's unsolicited handler. Also any incoming data
frame whose tag does indeed match the outstanding request(s) tag but the outstanding request(s)'s
processReceive method neither returns a completed response nor throws a DdfResponseException (in
other words, it returns null or throws a RuntimeException). then the incoming data frame will be
passed to the unsolicited manager.

2. In the case where the driver does not define tags for its requests or incoming data frames, then any
incoming data frame whereby when passed to the outstanding request (or all outstanding requests in
the event of a multiple-transaction-communicator) and no outstanding request returns a response or
throws a DdfResponseException when passed the incoming data frame (in other words, if the
outstanding request(s) return null from the processReceive method or throw a RuntimeException
when passed the data frame), then the data frame will be passed to the communicator's unsolicited
handler

That being said, if a driver needs to process unsolicited data frames then the developer needs to create a class
that extends BDdfUnsolicitedMgr. The developer should override the processUnsolicitedFrame method.
The processUnsolicitedFrame method is passed the unsolicited data frame as a parameter. From there the
developer may perform any custom processing that he or she deems necessary.

The BDdfUnsolicitedManager implements its own queue and thread. It automatically queues up unsolicited
data frames for the communicator and processes each unsolicited frame on its own thread. Therefore, the
driver's unsolicited manager's processUnsolicitedFrame runs on the driver's own, dedicated, unsolicited-receive
handler thread.

After creating the unsolicited manager class, the developer needs to associate the unsolicited receive handler
with his or her driver's communicator. This is accomplished by redefining the unsolicitedMgr property on the
driver's communicator component. In fact, the BDdfCommunicator itself defines the unsolicitedMgr in its
slotomatic header as follows:
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unsolicitedvgr : BDdf UnsolicitedWgr
- The sinplest of drivers will not need unsolicited support
def aul t {[ new BDdf Nul | Unsol i citedMyr ()]}
Notice that the type of the unsolicitedMgr is BDdfUnsolicitedMgr. Also notice that the default value for the
unsolicitedMgr is an instance of a new BDdfNullUnsolicitedMgr.

As a side-note, the BDdfNullUnsolicitedMgr is a class that extends BDdfUnsolicitedMgr and provides an
empty processUnsolicitedFrame method. Furthermore the BDdfNullUnsolicitedMgr removes the queue
and the thread from the unsolicited manager, thereby serving a null version of an unsolicited manger. Since the
developer will extend BDdfUnsolicitedMgr and not BDdfNullUnsolicitedMgr, his or her unsolicited
manager will inherit its own queue and thread for processing unsolicited data frames.

The developer should redefine the unsolicitedMgr as follows, in his or her communicator (replacing
YourDriver with the name of the developer's driver):

unsolicitedvgr : BDdf UnsolicitedWyr
- Plugs in an instance of BYourDriverUnsolicitedvgr as the
- unsolicited handler for BYourDriverConmmuni cator
def aul t {[ new BYour Dri verUnsolicitedvgr()]}

Depending on the situation, there are endless possibilities that the developer may need to support in processing
the unsolicited data frame. For example, if the developer needs the transmit a request onto the field-bus as a
result of the unsolicited data frame, then his or her code in the unsolicited manager class may call the
getDdfCommunicator method to gain a reference to the driver's communicator component.
(BDdfUnsolicitedMgr provides the getDdfCommunicator method as a convenience.) With the communicator
component, the developer may call the communicate method and pass it a new instance of a custom
BDdfRequest for the driver.

This is just one small example out of countless scenarios. We wish you pleasant development!
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Appendix 7 - Accessing the Point Id From the Read Request

Q. From the toByteArray method of my read request, how do I access the point ID? I can easily access the read
parameters but not the point ID!

A. There is not necessarily a single point ID for the read request.

Discussion: Many protocols feature requests whose responses return the values for more than one data point.
To accommodate polling in this fashion, devDriver combines (groups) all driver control points that have the
equivalent Read Parameters into the same Read Request. The relationship between driver control points to a
read request is potentially many-to-one. Because of this, a read request does not necessarily have just one
pointld, it could have many pointlds.

In the event that many driver control points are automatically placed in the same read request, all of them will
have the same Read Parameters (they all could have different pointlds). For this reason, the pointld is generally
used from the parseReadValue method on the read response (as opposed to the read request). The philosophy
is that the readParameters structure should have enough information to formulate the outgoing request. Then
on the response side, the pointld should have any extra information (if there is any) that is required to index
into the response and extract the data value for the particular data point.

Some protocols have a read request that retrieves many data values, but requires that each desired value be
specifically requested. For example, in this scenario a request might state "Please Read Inputs 1, 2, 3,4, 5, 6, 7".
The response would then return the values that were requested (Inputs 1, 2, 3, 4, 5, 6, 7). In this scenario, you
can get the array of point IDs that are assigned to the read request (see line item two just below). However, even
in this scenario, it still might be better to add a property to the readParameters structure (perhaps an
enumeration whose possible values would be inputs1_7, inputs8_15, etc.). Doing so would take maximum
advantage of devDriver's ability to combine as many driver control points as possible into a single read request.

Final Answer:

To access the point ID for the read request, there are two options:

1. Move the particular property that you need to access from the pointld into the readParameters. This
step is generally the suggested course of action because it takes maximum advantage of devDriver's
ability to combine as many driver control points as possible into a single read request.

2. From your toByteArray method call getReadableSource(). This returns an array of I[DdfReadable. These
are the proxy extensions for all of the driver control points that share the same read parameters
structure and therefore share the same read request. Then loop through the array of IDdfReadables,
verify that each is an instance of your driver's proxy ext class (future support of virtual points
anticipated), cast each to your driver's proxy ext class, call getPointld() upon each, cast the result to
your driver's point id class, and directly access the point id. Please beware that this step might not
allow devDriver to combine as many driver control points as possible into a single read request.

Note: Niagara will allow the user of the driver to add two identical control points to the database. This would
be accomplished by choosing a row in the Discovered list of the point manager and simply adding it two or more
times to the database. In this scenario, the devDriver framework will likewise group each of the identical
database points into the same read request. This optimizes throughput on the field-bus by using one single read
request to update each of the identical data points. Please keep this in mind while choosing option one or
option two from above. If you choose option two but then always index into location zero of the readable
source array (in a hard-coded manner) then please consider switching to use option one instead.
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