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(57) Abstract: Techniques for flexibly configuring an operating process plant or process control system enable a change to a parent
object to be selectively propagated to child objects derived from the parent object, so that a first subset of child objects and their re

o spective instantiations are updated with the change, while a second subset and their respective instantiations remain unchanged. The

o parent object may be a class or instance process object corresponding to a process entity, and the first and/or the second subset of
child objects may be selected. In some cases, the change may have been a propagated change, to the parent object, from a child ob

00 ject that is excluded from the first or the second subset of child objects. In some cases, the change may first be propagated to an in -

o stance object derived from the parent object, and then propagated from the instance object to a child object. Flexible configuration of
process control systems or plants allows draft changes or modifications to be made to parent process objects, e.g., in a configuration
environment, without automatically triggering corresponding instantiations and/or downloads of the parent process objects and/or

o their derived children objects into a run-time system. Parent objects to which draft changes are allowed may include class objects, in
stance objects, and/or library objects. One or more modifications to a process object may be saved as a draft, and multiple drafts for
a same process object may be saved as different versions. Children objects may indicate the particular version of a parent object draft

o from which they are derived.
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A user may indicate that a particular draft or version is to b e published or approved. Unpublished or unapproved drafts are pre -
vented from being instantiated in the run-time system, whereas published or approved drafts are allowed to b e instantiated. Flex -
ible graphic element objects in a process plant are configurable both in a run-time operating environment in which a process is be¬
ing controlled and in a configuration environment. An instantiated flexible graphic element object may be a display view or may
be another graphic element included on a display view. A graphic element object may b e linked to and/or derived from another

graphic element object, and changes to a particular graphic element object may b e propagated to its derivations, e.g., according to
a distribution policy. Changes to definitions corresponding to a particular graphic element object (e.g., to the definition of a
graphic element attribute such as a shape, animation, event handler or property) may b e overridden or modified in another object
derived from the particular graphic element object. The modified derived object may be renamed and saved separately from the
particular graphic element object.



DYNAMICALLY REUSABLE CLASSES

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No. 61/711,110

entitled "Process Plant Configurations Using Flexible Objects" and filed on October 8, 2012, the

entire contents of which are hereby incorporated by reference herein. Additionally, this

application claims the benefit of U.S. Provisional Application No. 61/711,105 entitled

"Configurable User Displays in a Process Control System" and filed on October 8, 2012, the

entire contents of which are hereby incorporated by reference herein.

[0002] Further, this application is related to U.S. Application No. , entitled "Method

and Apparatus for Managing Process Control Configuration" and filed concurrently herewith, the

entire contents of which are hereby incorporated by reference herein. This application is also

related to U.S. Application No. , entitled "Derived and Linked Definitions with

Override" and filed concurrently herewith, the entire contents of which are hereby incorporated

by reference herein. Additionally, this application is related to U.S. Application No.

, entitled "Dynamically Reusable Classes" and filed concurrently herewith, the

entire contents of which are hereby incorporated by reference herein.

TECHNICAL FIELD

[0003] The present invention relates generally to process plants and, more particularly, to the

use of flexible objects in configuring and viewing the operation of a process plant or process

control system.

DESCRIPTION OF THE RELATED ART

[0004] Distributed process control systems, like those used in chemical, petroleum or other

process plants, typically include one or more process controllers communicatively coupled to

one or more field devices via analog, digital or combined analog/digital buses. The field devices,

which may be, for example, valves, valve positioners, switches and transmitters (e.g.,



temperature, pressure, level and flow rate sensors), are located within the process environment

and perform process functions such as opening or closing valves, measuring process parameters,

etc. Smart field devices, such as the field devices conforming to the well-known Fieldbus

protocol may also perform control calculations, alarming functions, and other control functions

commonly implemented within the controller. The process controllers, which are also typically

located within the plant environment, receive signals indicative of process measurements made

by the field devices and/or other information pertaining to the field devices and execute a

controller application that runs, for example, different control modules which make process

control decisions, generate control signals based on the received information and coordinate with

the control modules or blocks being performed in the field devices, such as HART and

FOUNDATION® Fieldbus field devices. The control modules in the controller send the control

signals over the communication lines to the field devices to thereby control the operation of the

process plant.

[0005] Information from the field devices and the controller is usually made available over a

data highway to one or more other hardware devices, such as operator workstations, personal

computers, data historians, report generators, centralized databases, etc., typically placed in

control rooms or other locations away from the harsher plant environment. These hardware

devices run applications that may, for example, enable an operator to perform functions with

respect to the process, such as changing settings of the process control routine, modifying the

operation of the control modules within the controllers or the field devices, viewing the current

state of the process, viewing alarms generated by field devices and controllers, simulating the

operation of the process for the purpose of training personnel or testing the process control

software, keeping and updating a configuration database, etc.

[0006] As an example, the DeltaV™ control system, sold by Emerson Process Management,

includes multiple applications stored within and executed by different devices located at diverse

places within a process plant. A configuration application, which resides in one or more operator

workstations, enables users to create or change process control modules and download these

process control modules via a data highway to dedicated distributed controllers. Typically, these

control modules are made up of communicatively interconnected function blocks, which are

objects in an object oriented programming protocol that perform functions within the control

scheme based on inputs thereto and that provide outputs to other function blocks within the



control scheme. The configuration application may also allow a configuration designer to create

or change operator interfaces which are used by a viewing application to display data to an

operator and to enable the operator to change settings, such as set points, within the process

control routines. Each dedicated controller and, in some cases, one or more field devices, stores

and executes a respective controller application that runs the control modules assigned and

downloaded thereto to implement actual process control functionality. The viewing applications,

which may be executed on one or more operator workstations (or on one or more remote

computing devices in communicative connection with the operator workstations and the data

highway), receive data from the controller application via the data highway and display this data

to process control system designers, operators, or users using the user interfaces, and may

provide any of a number of different views, such as an operator's view, an engineer's view, a

technician's view, etc. A data historian application is typically stored in and executed by a data

historian device that collects and stores some or all of the data provided across the data highway

while a configuration database application may run in a still further computer attached to the data

highway to store the current process control routine configuration and data associated therewith.

Alternatively, the configuration database may be located in the same workstation as the

configuration application.

[0007] Presently, configuration applications typically include a library of template objects or

items, such as function block template objects and, in some cases, control module template

objects. These configuration applications are used to configure a control strategy for a process

plant and to provide display views at user interfaces of a process plant. The template objects all

have default properties, settings and methods associated therewith. The engineer using the

configuration application can select these template objects and essentially place copies of the

selected template objects into a configuration screen to develop a module, e.g., a control module.

During the process of selecting and placing the template objects into the configuration screen,

the engineer interconnects the inputs and outputs of these objects and changes their parameters,

names, tags and other properties to create a specific control module for a specific use in the

process plant. After creating one or more such control modules, the engineer may store the

created module in the library or in a configuration data storage area. The engineer can then

instantiate the control module (e.g., cause an executable file corresponding to the control module



to be created) and download it to the appropriate controller or controllers, field devices, and

other process elements for execution during operation of the process plant.

[0008] Thereafter, the engineer generally creates one or more displays for operators,

maintenance personnel, etc. within the process plant by selecting and building display objects in

a display creation application. These displays are typically implemented on a system wide basis

in one or more of the workstations and provide preconfigured displays to the operator or

maintenance persons regarding the operating state of the control system or the devices within the

plant. Typically, these displays take the form of alarming displays that receive and display

alarms generated by controllers or devices within the process plant, control displays indicating

the operating state of the controllers and other devices being controlled within the process plant,

maintenance displays indicating the functioning state of the devices within the process plant, etc.

These displays are generally preconfigured to display, in known manners, information or data

received from the process control modules, devices, or other process elements within the process

plant. In some known systems, displays are created through the use of objects that each have a

graphic associated with a physical or logical element, and that are each communicatively tied to

the physical or logical element to receive data about the physical or logical element. An object

may change the graphic on the display screen based on the received data to illustrate, for

example, that a tank is half full, to illustrate the fluid flow measured by a flow sensor, etc.

[0009] Similar to the control configuration application, a display creation application may

have template graphical display items, such as tanks, valves, sensors, operator control buttons

like slide bars, on/off switches, etc. which may be placed on a screen in any desired

configuration to create an operator display, maintenance display and the like. Template

graphical display items may be stored in a template library along with configuration objects, or

may be stored in a different template library. When placed onto the screen, individual graphic

items may be interconnected on the screen in a manner that provides some information or display

of the inner-workings of the process plant to different users. However, to animate the graphic

display, the display creator must manually tie each of the graphical items to data generated

within the process plant, such as data measured by sensors or indicative of valve positions, etc.

by specifying a communication link between the graphic item and the relevant data source within

the process plant. This process is tedious, time consuming and maybe fraught with error.

Moreover, once a display is created, it remains static in its configuration and layout.



[0010] While the control template objects within the control configuration application and the

display items within the display creation application are convenient because they can be copied

and used to create many different control modules and graphical displays, there is often a need to

create numerous of the same control module and graphical display for different equipment and

displays within the process plant. For example, many medium to large sized process plants have

numerous instances of the same or similar equipment that can be controlled and viewed using the

same basic general control modules and displays.

[0011] To address this problem, U.S. Patent No. 7,043,31 1 (the entire disclosure of which is

hereby expressly incorporated by reference herein) discloses a process plant configuration

system that uses class objects also called module class objects (and generally referred to herein

as class objects or classes) to enable a user to create numerous control modules, unit or

equipment modules, or display modules from a common module class object. These control,

equipment or display modules are created as instances of the module class or class object and

include all of the features and properties of the module class object, thereby making it easier to

create a number of similar control, equipment or display objects from a single or common class

module object. Instances may, in turn, have their own children objects, so that objects may have

multi-generational or multi-level relationships. Thereafter, each of the instances, children

objects, or multi-level children objects created from a module class object may be changed

automatically by making and storing changes to its respective parent object. For example,

module instances retain their connection to the module class object and are updated

automatically when the class module is changed or updated. Similarly, children objects and

multi-level children objects created from a parent object that is not a class object may be changed

automatically by making and storing changes to the parent object. In an embodiment, at least

some of the children objects are stored in a system configuration data storage area or other data

storage area which is logically and/or physically separate from the library.

[0012] However, in a typical control system used in, for example, a process plant, there can be

hundreds of similar items (such as control modules or display elements) that must be defined.

These items include control strategies associated with the control of flow or pressure, for

example, as well as the display components used to represent these control strategies in graphic

displays. It is now fairly typical to implement a configuration system that use classes or module

class objects to configure these common items, wherein the configuration system includes a



library of module class objects, and enables a user to produce many copies or instances of any

particular module class object for use in the plant. In these systems, modifications to the objects

must be made to the module class object first, which then causes these changes to be

automatically propagated to all of the instances, children objects, and multi-level children objects

(if any) of the module class object. In fact, these configuration systems are designed to allow

only small adjustments to be made directly on the module instances, such as changing parameter

values in the module instances. For example, typical class behavior for control strategies enables

an instance of a class item to be modified only on the parameter level, and only if that specific

parameter has been granted change access from within the module class. As a result, many

different module class objects must be developed to configure process plant items (such as plant

equipment) that only differ from each other by small or minor amounts. Unfortunately, as more

and more of these module class objects are defined, the original productivity gains obtained by

using configuration class objects decrease.

[0013] Still further, as noted above, current configuration systems that use class based

configuration items are typically designed to assure that, when a change is made to a class item,

that change is immediately propagated to all of the module instances of that class. This feature is

designed into the configuration system because instances actually share, or point to, their

respective parent items or objects (e.g., the class item or object) for their definitions. Although

this automatic change propagation feature makes control system design easier and more effective

in the early stages of the design, once the control system is installed and running in a plant, it

may not be acceptable or practical to change all of the instances associated with a particular

module class object at the same time. Importantly, a given module class object typically

experiences many changes as part of its lifetime. After a module class object has been created,

subsequent changes to the module class (which may be structural changes or parameter value

changes) result in a modified module class whose changes need to be distributed to module

instances, to one or more children objects, and/or to other module classes such as derived module

classes. However, as a practical matter, each affected child object running in the plant may need

to be individually tested and verified on actual process equipment, and thus the user may need to

delay the change to the module class object for months or years waiting for an appropriate time

to update all of the module instances for that class object. Moreover, because changes to a

module class object are automatically distributed to derived objects, a single change to a module



class could affect hundreds and possibly thousands of module instances and children objects.

Many process industries cannot deal with the resulting disruptive downloads required, spanning

multiple areas of the plant, during the plant operations phase. As a result, control systems are

being initially engineered with module instances tied to a module class object, only for these

instances to be eventually converted into classless control modules before the system enters the

plant operations phase.

[0014] For the various reasons described above, class instances are in many cases being

broken off of or are being disassociated from the original class object to allow changes to be

made to the class instance, which thereby creates a new class module or which allows changes to

be made to the class object without being propagated to all of the instances immediately.

However, this operation destroys the advantages of using class based configuration objects in the

first place.

[0015] Even in smaller systems in which class/instance connections are not being severed, it is

still difficult to define and debug a new change to a control object without affecting all of the

instances in the class because, on the one hand, it is not possible to implement new changes on

an instance, and because, on the other hand, when any change is made to the class object, this

change is automatically applied to each instance of the class object. Here again, one of the

children objects, e.g., an instance, must be temporarily broken off from the class object so that

the new change can be designed and tested on the instance. In this case, the change, once

complete, must be manually made on the class object and the user must clean up the instance

used for testing and re-attach the instance to its proper class object. Thus, in effect, to deal with

these issues, the user must create an entire separate class object to handle slight variations

between instances by breaking more and more classes off from the original class object for

testing purposes, or must abandon the class concept completely.

[0016] Still further, most configuration systems used in the market today do not use classes to

configure graphic displays for the control system. Typically, the graphics are defined separately

from the control strategies, and one graphics item is often used with multiple different control

strategy classes. Thus, when a change is made to a particular graphics item, the user must verify

that the changed graphics item works with all of the control strategy instances, on all of the

displays. As modifications to control strategies occur and the control strategy classes proliferate



in the manners noted above, each graphics item for each instance needs to be verified, which

becomes time consuming and impractical.

[0017] While graphics utilities can be used to update similar graphics items, the utility would

make all of the selected graphics items identical. Thus, in the end, this solution is similar to

using classes for graphics items. Moreover, designing instance differences in graphics is

difficult and requires programming skills. Because a wide variety of variations are allowed and

in fact are expected in graphics items, it is necessary to design a system, using special forms, that

specifies which variations are to be allowed or enabled with override structures in each of the

graphics display item created from a common graphics object. These variations include, for

example, specifying changes such as allowing the user on an instance to define the rotation for

part of the item, select what strings and variables must be shown in the display and which ones

are optional, etc. Without this up front design, the graphic objects cannot even have small

changes made thereto. Unfortunately, a configuration system which attempts to design or pre-

specify the allowable changes in the graphics items quickly becomes unusable, as variations on

graphics items is very common. As a result, maintaining graphics cost effectively is an ongoing

problem within control systems, and is only exacerbated when the step of maintaining graphics

must be coordinated with the changes being made to control module classes used in the control

configuration system.

[0018] In a more general sense, users want to configure a display out of reusable graphical

components and be able to see the changes they made from the original graphical definition.

Additionally, they want to be able to make changes to the definition in one place and have these

changes applied to the displays for which the graphical definition is used, and thereafter maintain

the specific changes they made on the various displays. Currently, in some display systems,

display components can be grouped into dynamos, which are a combination of basic shapes, such

as rectangles and text blocks configured with the animations and event handler behaviors. These

basic shapes can be configured into various combinations to represent equipment or data from

part of the plant. Some dynamos are typically provided out of the box as part of the display

configuration system, while other dynamos are created and maintained by project engineering,

and still other dynamos are configured by the customer. Currently, when these dynamos are

used on a display, a complete copy is placed in the display for each instance that uses the original

dynamo. However, there is no hard link back to the original dynamo. However, each instance



may change several aspects of the dynamo, such as the animation expression paths, position

orientation or other visual aspects required to allow this particular display to fit within the

current display field of the user interface on which the display element is used.

[0019] There are several problems and limitations to this approach. Generally speaking, the

customer is trying to minimize the financial cost and is trying to maximize quality and reliability

of the displays. However, invariably, one or more changes are needed to a dynamo definition.

After a change is made to a master or original dynamo, the customer needs to put those changes

into production by updating all the displays that use that specific dynamo. However, because

there is no hard link between the original dynamo being changed and its copies, determining

where the dynamo is used is a serious issue. Typically, each created dynamo includes a string

field to store the dynamo name and version. However, not all customers use this technique and,

in any event, this field can be inadvertently cleared or deleted by a user during an edit session,

thereby losing the named connection back to the original dynamo. Moreover, if a new dynamo is

created from an existing dynamo and this reference value is not updated, the string will have the

incorrect reference to the original dynamo name and version. Further, if a difference was a

change on the display or to the dynamo, it is only possible to know what is different in the

dynamo, but not why. Thus, it is difficult for users to determine if a change needs to be

incorporated into a particular dynamo being used in a particular display when changes are made

to the original dynamo.

[0020] Still further, while the user can update the instance to the new dynamo and retain the

instance specific changes, the user typically does not know which changes are in the new master

and which are instance specific, and so cannot determine which differences within the display

item should be left in place. Currently, updating to a new version of a dynamo requires a

complete recopy of the dynamo to replace the values configured on the display. This process

overwrites any changes on the display item that are instance specific. As a result, the user must

then manually reapply all changes previously made to the display item or instance, and if the

user forgets some of the changes, these changes are lost. This operation negatively affects the

quality of the operator displays and also takes longer because it entails a manual process. Still

further, the original dynamo levels are only one level deep. As a result, a dynamo can only be

built from the basic shapes and not from other dynamos, which prevents building up a set of

dynamos to be used as the basis for other dynamos.



SUMMARY

[0021] A configuration system uses flexible or modifiable object (e.g., module class objects,

module instance objects and children objects) techniques to enable class-based configuration to

be more useful and beneficial both in developing new control strategies or display elements and

in making changes to these elements when these elements are being run or executed in a plant

environment. Such a configuration system is interchangeably referred to herein as a "flexible

configuration system," or "configuration system." In particular, the use of the new flexible

objects reduces the proliferation of class objects and makes a single class object applicable to a

wider variety of applications (uses) by allowing more variation amongst the instances made from

the class object. The configuration system with the new flexible objects allows a user to, for

example, add items to a classed based instance (or other child object) as required for a particular

need, but in a manner that does not force the instance or child object to be removed from or

disassociated from the class and in a manner that will not affect other instances of the same class

unless the user wishes to push that change to the other instances or to the parent object itself.

Likewise, items that are added to an instance or child object may be flagged within the instance

or child object, and may be labeled so as not to interfere with anything added at the parent level

and for clear documentation purposes. Still further, the configuration system with the new

flexible objects supports disabling of parent content at the child level and/or deletion of parent

content at the child level. Disabling or deleting the parent content at the child level allows, for

example, a user to better handle the instances that need to have less functionality than the rest of

the class instances, while still having the core class functionality to remain part of the class. If

desired, any disabled content at the child level can be visually muted or made invisible within the

configuration utilities that enable viewing of the child, and can be re-enabled by the user at any

time. The disabled content will not be used in runtime, but will only reside in the configuration

environment. If the user decides to include a previously disabled portion of the parent object

within a child object, then that child object can be flagged for download to update the runtime

version in the control system.

[0022] Moreover, the configuration system using flexible objects makes classes more usable

in running plants by allowing changes or updates to be distributed to the instances and children

objects in a phased manner. For example, a user or configuration engineer may selectively

propagate class changes down to the instances by allowing the user to make changes to a class



object and deciding which of the instances of that class object should receive those changes and

at what time, which leads to increased plant performance and better runtime support, instead of

forcing all class changes to be propagated to all instances of the class at once. This phasing

feature allows the user to make a class change and only propagate that change to the instances

that require the change. The user can then later go back and propagate the change out to more or

to the rest of the instances. More particularly, this phasing feature allows the user to decide

which instances can have the configuration update downloaded thereto based on current plant

operational considerations and can phase in a class change over a fluid time line that makes sense

within the process operation, instead of having to manage downloads manually or perform an

automatic download to all instances all at once.

[0023] As another feature, the configuration system using flexible objects improves the ability

of a user to incrementally make and verify changes by selective propagation of instance changes

back up to the class object. For example, the configuration system enables a user to take a

change that was made on an instance and to propagate this change back up to the class object for

distribution back down to the rest of the instances. This feature provides the user with a built in

testing environment, in which the user is able to change and test one instance before rolling that

change out to all other instances of the class object.

[0024] As will be understood, the configuration system described herein retains the benefits of

class-based behavior while, at the same time, this system provides a mechanism that enables

users to control the roll out of changes from module classes and other parent objects to the

module instances and other children objects that run in controllers, devices, displays or other

process elements within the process plant or process control system, e.g., within the run-time

operating environment of the process plant or system. As such, the configuration system

described herein allows for changes to module classes and other parent objects to be integrated

into process elements (corresponding to the parent object and respective children objects) of a

process plant or process control system to change the plant or system operations and/or behavior

in a controlled, phased manner over time so that real-time operations in portions of the process

plant or process control system (or, in some cases, in the entire the plant or system) are not

adversely affected. In some situations, a change to a parent object is not propagated to a child

object. Additionally, as changes may be incrementally applied to process elements of the

process plant or system in a controlled fashion (e.g., instead of waiting until a time that is



suitable for all process elements corresponding to children objects of the changed parent object

to be updated), the occurrence of unnecessary delays in the application of changes to portions of

the process plant or process control system (or, in some cases, to the entire the plant or system)

are decreased, thus increasing the overall efficiency and productivity of the process plant or

system over time.

[0025] Further, the techniques, systems and methods described herein allow a user to safely

work on temporary copies of a parent or a child object, and make the parent or child object ready

to deploy (download) to a controller, device or other process element only when proper

approvals have been received. As such, approving drafts of modifications or changes that are

applied to or instantiated in a process element in a run-time environment of the process plant or

control system (whether from a changed parent object or a changed child object) decrease the

chances that an incomplete or incorrect modification or change is inadvertently incorporated into

the plant or system. That is, by using the draft and approval techniques described herein, the

configuration system increases the accuracy of the changes that are integrated into the process

plant or system, and thereby increases the quality of operations of the process plant or system.

[0026] In one case, the configuration system may perform phasing by using an editing and

distribution mechanism that may be loosely based on a book publishing model, in which users

work on drafts that are eventually approved, resulting in editions that are distributed to locations

within the plant. Some controllers, displays or other plant assets will get or use the latest edition

whenever it is released, while others may incorporate or upgrade to new editions only when it is

most desirable or convenient to do so. Still further, using this system, users are able to make

changes to the configuration library and system configuration items without triggering

downloads and possibly affecting the runtime system. Users can save changes to items or

objects as drafts, and once the changes are approved, can create an edition that can be distributed

and downloaded to the runtime system. More specifically, in the configuration system, module

instances (and other children objects) are linked to a specific edition of a module class or parent

object, which makes it possible for the module class or parent object to go through additional

changes (editions) without immediately affecting its children. As such, in an illustrative

example, this feature removes the requirement to download module instances every time that a

change is made to the module class, but instead enables a user to control the time at which a

module instance is updated to link to the latest edition of the module class. Indeed, children



objects are linked to a specific edition of their parent object, whether or not the parent object is a

library item or not, thus allowing parent objects to be changed or modified without immediately

affecting all of its children objects.

[0027] Thus, using the phasing techniques of the configuration system described herein, users

can choose whether changes to library items or parent objects are automatically distributed to

children objects, or if the user will manage the distribution manually. Moreover, parent library

and system configuration items can go through multiple stages of draft, edition, and (for system

configuration items) download editions. Here, users can create temporary copies (drafts) of

parent objects, and, only when proper approvals are obtained, download the modified editions of

the items to the runtime system, which means that draft items can be tested without affecting the

running system. Likewise, to improve a user's experience and to make the user feel more in

control, users can see differences between the draft, the current edition, and the downloaded

edition. In the context of a specific item, a user can select to see the difference between a draft

and the current edition, the draft and the downloaded edition, the current edition and the

downloaded edition, etc. Moreover, library and system configuration items may support

references, in which case it is possible to see which system configuration items use a library

item, and whether the system configuration item is using the latest edition of the library item.

[0028] Still further, the use of editions within the module class and instance structures makes

it possible to create packages, which are basically editioned collections of specific parent item

editions, and to distribute these packages for download at the same time. This feature enables a

library package related to a specific solution or problem to be designed, and from it most, if not

all, of the requisite plant configuration can be created. Later, when the package is updated to

correct issues or to increase functionality, the new edition of the package can be installed by

installing the new editions of the library items contained with the package at the same time.

Users are then free to update the system configuration as their plant situations allow, which

eliminates or reduces the logistical problems caused in current configuration systems that require

an update to a parent item to be immediately used to update its children items. As examples, the

configuration system described herein could be used to manage library and system configuration

items, including engineering units, alarm settings, and global values, security objects (such as

user accounts, function and parameter security, and authorization policies), and could also be



applied to user-generated documentation, such as standard operating procedures (SOPs), start

up/shut down procedures, alarm help, etc.

[0029] In the context of display items, the flexible objects of the configuration system enable a

user to create linked graphical configurable shapes (e.g., Graphical Element Modules or GEMs)

that are reusable and that combine other shapes with behaviors. GEMs provide one or more

visual representations or views of a configurable shape. The definition of a GEM is stored

separately from usage/instances of that GEM in specific displays and other objects (e.g., to

enable sharing the GEM definition). Additionally, the flexible objects of the configuration

system support defining or deriving graphical definitions from other graphical definitions (e.g.,

displays and GEMs). For example, a GEM may be built using other GEMs.

[0030] Typically, overrides, changes or modifications to a parent object result in

corresponding changes to an instance or child object. The flexible objects of the configuration

system expand this override concept to allow changes to the internal structure of a display item

using a simple parameter override supported by control strategy function blocks. These

additional overrides may include, for example, overrides to properties, animations and event

handlers, overrides that support adding of a graphical shape, an animation or an event handler,

overrides that support moving of a graphical shape, and/or overrides that support the removing or

a graphical shape, an animation or an event handler. The overrides for specific display instances

may be stored with the instance, separate from the GEM definitions, so that it is possible to know

which changes are specific to a display instance versus the changes that have been made in the

GEM definition used in the display instance. As such, overrides to GEMs and other display

objects (whether parent or child) may include modifications and changes to the contents of the

GEMs and other display objects.

[0031] Moreover, when loading a display, the GEM definition may be used to determine the

initial representation, animations and event handling behaviors of the display item. Thereafter,

the overrides may be applied as needed to a specific display instance of a display item or class

object to provide the instance specific changes. This feature can be implemented using simple

property overrides to change the orientation or position of a shape or to remove a shape or to

replace one shape with another shape, such as removing a text block that shows a value textually

and adding a rectangle that shows the value graphically as a fill percentage. Alternatively, the



overrides can add an animation or an event handler or change an existing animation or event

handler by overriding one or more of properties of an existing animation or event handler. The

modified, overridden GEM may be stored or maintained as a child object of the GEM definition,

in an embodiment.

[0032] Additionally, the display configuration system enables GEMs to be built upon other

GEMs, allowing more general items to be easily created for a specific function, industry group or

customer. In one example, GEMs can be extended by derivation, in which case, the same

override structure can be applied in a derived GEM, thereby allowing a display item to be

extended as a new display class object in the library, or to be extended as instances to be opened

by the operator at runtime. The display configuration system may also include a mechanism that

enables a user to easily determine all of the instances (where used) of a GEM and to easily

determine which displays are derived from other displays. Likewise, the display configuration

system may include a mechanism that enables a user to definitively determine what has been

changed on a derived definition or usage, to override (tweak) the internal structure of a

composite shape (e.g., a GEM) while maintaining a linked relationship to the original GEM

definition, to add and remove shapes, to add and remove data (animations), to add and remove

event handlers, and to override properties of shapes, animations, event handlers and any other

object types in the GEM definition.

[0033] Still further, the display configuration system may include a mechanism that enables a

user to update a definition or a derived definition (a display class item) to a new version and to

apply those changes to the instances without losing the overrides of the instances. The display

configuration system may also include a mechanism that enables a user to create GEMs by

combining other GEM definitions, to derive a display from another display, to derive a GEM

from another GEM and to indicate tweaks and overrides made to display instances.

[0034] The flexible configuration of graphical elements and displays provided by the display

configuration system allow for a process plant or process control system to be more safely and

efficiently monitored, controlled, and/or operated in real-time. In particular, the display

configuration system allows operators to configure, in both a real-time or run-time operating

environment of the plant and in a configuration environment, graphical elements and/or displays

specifically tailored or customized to the specific monitoring, control and/or operation of one or



more portions of the process control system or plant. The graphical elements and/or displays

may additionally or alternatively be specifically tailored or customized for a particular operator,

group of operators, organizational entity, business, or other entity. The display configuration

system also allows operators to save customized graphical elements and/or customized displays

for general (e.g., plant-wide or system-wide, real-time environment or configuration

environment) access, use, re-use, and incorporation. Accordingly, as configuration of graphic

element(s) and/or of graphic display(s) is streamlined and fully customizable in multiple

environments of the process plant or system, operator disruptions and errors are decreased, thus

enabling the operators to operate the process plant or system with efficiency and safety.

[0035] Further, as the graphic element(s) and/or display(s) are customized for specific

purposes of specific portions or entities of the process plant or system, real-time data that is

generated by the specific portions or entities of the process plant or system (e.g., while

controlling one or more processes) and that requires necessary manual and/or automatic

intervention is easily and quickly able to be discerned using the customized graphic element(s)

and/or display(s). In an example, real-time data is received and discerned at a customized

graphic element and/or display, and based on the content of the discerned data, an updated

control algorithm is manually and/or automatically generated and transmitted to the process plant

for execution. In other examples, based on the content of the received and discerned data, a

recovery action instruction is manually or automatically sent to one or more process elements of

the process plant or system to be performed, and/or a shut-down or initialize instruction is sent to

one or more process elements of the process plant or system to be performed. Of course, other

data, configurations, and/or instructions to be sent to and/or executed by the process plant or

system based on the received and discerned real-time data are possible. In some cases, the data,

configurations, and/or instructions delivered to the process plant or system based on the

discerned, real-time data result in a change to the process plant or system (e.g., an updated or

new configuration to a process element) or to operations thereof. In some cases, the delivered

data, configurations, and/or instructions cause the process plant or control system to perform an

action (e.g., remove a particular process element from operation, re-route data generated by a

source to another source, etc.).

[0036] Accordingly, as the display configuration system allows graphic elements and/or

displays to generate more customized and detailed information (and in particular, with respect to



real-time data generated by the process plant or system), any necessary modifications to the

control and/or to the operations of the one or more portions of the process plant or process

control system are more quickly determined and integrated into the run-time environment of the

process plant or control system. Consequently, with the techniques, methods and system

described herein, the efficiency and the safety of the process plant or system is further increased.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] FIG. 1 is a block diagram of an example distributed process control network located

within a process plant or process control system, including a workstation that implements a

configuration application that uses module class objects to configure control and display

activities for the process plant or process control system;

[0038] FIG. 2 is a diagram of a reactor unit of FIG. 1;

[0039] FIG. 3 is a diagram of a totalizer equipment entity used in the reactor unit of FIG. 2;

[0040] FIG. 4 is a diagram of an outlet valve system used in the reactor unit of FIG. 2;

[0041] FIG. 5 is an example logical diagram illustrating the interrelationships between module

class objects and associated module objects for unit, equipment, control and display types of

module class objects;

[0042] FIG. 6 is an example logical diagram of reactor unit module class object, which can be

used to perform configuration activities for reactors within the plant of FIG. 1;

[0043] FIG. 7 is an example depiction of a configuration screen which may be used by a

configuration operator to configure a process plant using module class objects;

[0044] FIG. 8 is a block diagram of an example scenario in which a user modifies a module

object stored in a library of the process control system of FIG. 1;

[0045] FIG. 9 is a block diagram of a second example scenario in which a user modifies a

module object stored in a library of the process control system of FIG. 1;

[0046] FIG. 10 is a block diagram of the second example scenario of FIG. 9 including

additional actions;



[0047] FIG. 11 is a block diagram of a third example scenario in which a user modifies a

module object stored in a system configuration data storage area of the process control system of

FIG. 1;

[0048] FIG. 12 illustrates three possible views of an example valve graphical element;

[0049] FIG. 13 illustrates a diagram of an example definition usage pattern;

[0050] FIG. 14 illustrates a class diagram for an example nested definition usage pattern;

[0051] FIG. 15 illustrates an example of abstracted nested definition usage;

[0052] FIG. 16 illustrates a diagram of an example derived pattern;

[0053] FIG. 17 illustrates a diagram of an example of a nested derived pattern;

[0054] FIG. 18 illustrates an example of a shape usage created based on a definition;

[0055] FIG. 19 illustrates an example of a field value override tweak applied to a usage

pattern;

[0056] FIG. 20 illustrates an example of a field value override tweak applied to a derived

pattern; and

[0057] FIG. 2 1 illustrates an example of multiple modifications or tweaks to an object at

multiple levels.

DESCRIPTION OF EMBODIMENTS

[0058] Referring now to FIG. 1, a process plant 10 includes one or more process controllers

12 coupled to numerous workstations 14 via, for example, an Ethernet connection or bus 15.

The controllers 12 are also coupled to devices or equipment within the process plant 10 via sets

of communication lines or buses 18, with only the set of communication lines 18 connected to

the controller 12a being illustrated in FIG. 1. The communication lines or buses 18 may be, for

example, wired connections, wireless connections, or a combination of wired and wireless

connections. The controllers 12, which may be implemented by way of example only using the

DeltaV™ controller sold by Fisher-Rosemount Systems, Inc., are capable of communicating

with control elements, such as field devices and function blocks within field devices distributed



throughout the process plant 10 to perform one or more process control routines 19 to thereby

implement desired control of the process plant 10 or of one or more processes operating in the

process plant 10. The workstations 14 (which may be, for example, personal computers) may be

used by one or more configuration engineers to design the process control routines 19 to be

executed by the controllers 12 and display routines to be executed by the workstations 14 or

other computers, and to communicate with the controllers 12 so as to download such process

control routines 19 to the controllers 12. Furthermore, the workstations 14 may execute display

routines that receive and display information pertaining to the process plant 10 or elements

thereof during operation of the process plant 10.

[0059] Each of the workstations 14 includes a memory 20 for storing applications, such as

configuration design applications and display or viewing applications, and for storing data, such

as configuration data pertaining to the configuration of the process plant 10. Each of the

workstations 14 also includes a processor 2 1 that executes the applications to enable a

configuration engineer to design process control routines and other routines and to download

these process control routines to the controllers 12 or to other computers or to collect and display

information to a user during operation of the process plant 10. In some embodiments, a remote

computing device is in communicative connection with the workstations 14 (e.g., via a network

or web-based interface) so that a configuration engineer may execute applications remotely from

the workstations 14.

[0060] Still further, each of the controllers 12 includes a memory 22 that stores control and

communication applications and a processor 24 that executes the control and communication

applications in any known manner. In one case, each of the controllers 12 stores and executes a

controller application that implements a control strategy using a number of different,

independently executed, control modules or blocks 19. The control modules 19 may each be

made up of what are commonly referred to as function blocks wherein each function block is a

part or a subroutine of an overall control routine and operates in conjunction with other function

blocks (via communications called links) to implement process control loops within the process

plant 10, e.g., to control the operation of one or more processes performed by the process plant

10.



[0061] As is well known, function blocks, which may be objects in an object oriented

programming protocol, typically perform one of an input function, such as that associated with a

field device such as a transmitter, a sensor or other process parameter measurement device; a

control function, such as that associated with a control routine that performs PID, fuzzy logic,

etc. control; or an output function which controls the operation of some device, such as a valve

or other field device, to perform some physical function within the process plant 10. Of course

hybrid and other types of complex function blocks exist such as model predictive controllers

(MPCs), optimizers, etc. While the Fieldbus protocol and the DeltaV system protocol use

control modules and function blocks designed and implemented in an object oriented

programming protocol, the control modules could be designed using any desired control

programming scheme including, for example, sequential function chart, ladder logic, etc. and are

not limited to being designed using function block or any other particular programming

technique.

[0062] The workstations 14 may provide a graphical depiction of the process control routines

19 within the controllers 12 to a user via a display screen illustrating the control elements within

the process control routines 19 and the manner in which these control elements are configured to

provide control of the process plant 10. In the system of FIG. 1, a configuration database 25 is

connected to the Ethernet bus 15 to store configuration data used by the controllers 12 and the

workstations 14 and, in some cases, to serve as a data historian by collecting and storing data

generated in the process plant 10 for future use. In an embodiment, the configuration database

25 may include library items (e.g., templates and class modules) and system configuration items

(e.g., objects created from library items) corresponding to the configuration data. As such, the

configuration database 25 may be logically and/or physically partitioned into a library data

storage area and a system configuration storage area.

[0063] In the process plant 10 illustrated in FIG. 1, the controller 12a is communicatively

connected via the bus 18 to three sets of similarly configured reactors (which are replicated

equipment within the plant 10) referred to herein as Reactor_01, Reactor_02 and Reactor_03.

Reactor_01 includes a reactor vessel or tank 100, three input valve systems (which are

equipment entities) 101, 102 and 103 connected so as to control fluid inlet lines providing acid,

alkali and water, respectively, into the reactor vessel 100 and an outlet valve system 104

connected so as to control fluid flow out of the reactor vessel 100. A sensor 105, which can be



any desired type of sensor, such as a level sensor, a temperature sensor, a pressure sensor, etc., is

disposed in or near the reactor vessel 100. For the purpose of this discussion, the sensor 105 is

assumed to be a level sensor. Moreover, a shared header valve system 110 is connected on the

water line upstream of each of the reactors Reactor_01, Reactor_02 and Reactor_03 to provide a

master control for controlling the flow of water to each of those reactors.

[0064] Similarly, Reactor_02 includes a reactor vessel 200, three input valve systems 201, 202

and 203, an outlet valve system 204 and a level sensor 205 while Reactor_03 includes a reactor

vessel 300, three input valve systems 301, 302 and 303, an outlet valve system 304 and a level

sensor 305. In the example of FIG. 1, the reactors Reactor_01, Reactor_02 and Reactor_03 may

produce salt with the input valve systems 101, 201 and 301 providing acid, the input valve

systems 102, 202 and 302 providing alkali and the input valve systems 103, 203 and 303, in

conjunction with the shared water header 110, providing water to the reactor vessel 100. The

outlet valve systems 104, 204 and 304 may be operated to send product out of a flow line

directed to the right in FIG. 1 and to drain waste or other unwanted material out of a flow line

directed to the bottom in FIG. 1.

[0065] The controller 12a is communicatively coupled to the valve systems 101-104, 110,

201-204 and 301-304 and to the sensors 105, 205 and 305 via the bus 18 to control the operation

of these elements to perform one or more operations with respect to the reactor units, Reactor-01,

Reactor_02 and Reactor_03. Such operations, generally called phases, may include, for

example, filling the reactor vessels 100, 200, 300, heating the material within the reactor vessels

100, 200, 300, dumping the reactor vessels 100, 200, 300, cleaning the reactor vessels 100, 200,

300, etc.

[0066] The valves, sensors and other equipment illustrated in FIG. 1 may be any desired kinds

or types of equipment including, for example, Fieldbus devices, standard 4-20ma devices, HART

devices, wireless HART devices, etc. and may communicate with the controller 12 (e.g., any of

the controllers 12 or 12a) using any known or desired communication protocol such as the

Fieldbus protocol, the HART protocol, a wireless HART protocol or other wireless protocol, the

4-20 ma analog protocol, etc. Generally, devices that are located within the process environment

and that perform a function directly impacting the control of the process (e.g., a physical function



such as opening or closing valves, a measurement function to be used in a control algorithm or

loop, and/or other function) are referred to herein as "field devices."

[0067] Still further, other types of devices may be connected to and be controlled by the

controllers 12 in accordance with the principles discussed herein. For example, a controller 12

may be connected to one or more input/output (I/O) devices (not shown) which, in turn, may be

connected to one or more field devices. An I/O device typically is used by a controller 12 to

enable communications between the one or more field devices, the controller 12, and/or the

process control system. As such, the I/O device may also be a participant in the direct execution

of a control algorithm or loop to control a process. Accordingly, controllers, I/O devices, and

field devices are generally and categorically referred to herein as "process control devices." Of

course, the term "process control device" is not limited to only controllers, I/O devices and field

devices, but may also include other devices that participate in or are required for control

algorithms and/or loops to be executed to control a process in a process plant or process control

system.

[0068] Additionally, other numbers and types of controllers may be connected within the plant

10 to control other devices or areas associated with the process plant 10 and the operation of

such additional controllers may be coordinated with the operation of the controller 12a illustrated

in FIG. 1 in any desired manner. In some embodiments, the process plant 10 of FIG. 1 includes

one or more nodes for wireless communications (not shown) within the process plant 10, such as

access points, gateways between wireless and wired networks within the plant 10, gateways to

other networks, repeaters, routers, etc. within or external to the plant 10, and the like. These

nodes for wireless communications may be communicatively coupled (using a wired protocol, a

wireless protocol, or a combination thereof) to controllers 12, workstations 14, the configuration

database 25, field devices, other wireless-enabled nodes, and other databases or data storage

devices.

[0069] Generally speaking, the process plant 10 of FIG. 1 may be used to implement batch

processes in which, for example, one of the workstations 14 or the controller 12a executes a

batch executive routine, which is a high level control routine that directs the operation of one or

more of the reactor units (as well as other equipment) to perform a series of different steps

(commonly referred to as phases) needed to produce a product, such as a particular type of salt.



To implement different phases, the batch executive routine uses what is commonly referred to as

a recipe which specifies the steps to be performed, the amounts and times associated with the

steps and the order of the steps. Steps for one recipe might include, for example, filling a reactor

vessel with the appropriate materials or ingredients, mixing the materials within the reactor

vessel, heating the materials within the reactor vessel to a certain temperature for a certain

amount of time, emptying the reactor vessel and then cleaning the reactor vessel to prepare for

the next batch run. Each of the steps defines a phase of the batch run and the batch executive

routine within the controller 12a will execute a different control algorithm for each one of these

phases. Of course, the specific materials, amounts of materials, heating temperatures, times, etc.

may be different for different recipes and, consequently, these parameters may change from

batch run to batch run depending on the product being manufactured or produced and the recipe

being used. Those skilled in the art will understand that, while control routines and

configurations are described herein for batch runs in the reactors illustrated in FIG. 1, control

routines may be used to control other desired devices to perform any other desired batch process

runs or to perform continuous process runs, if so desired.

[0070] As will also be understood, the same phases or steps of a batch process can be

implemented on each of the different reactor units of FIG. 1 at the same or at different times.

Furthermore, because the reactor units of FIG. 1 generally include the same number of and types

of equipment, the same generic phase control routine for a particular phase may be used to

control each of the different reactor units, except that this generic phase control routine has to be

modified to control the different hardware or equipment associated with the different reactor

units. For example, to implement a fill phase for Reactor_01 (wherein the reactor unit is filled),

a fill control routine will open one or more valves associated with the input valve systems 101,

102 and 103 for a certain amount of time, for example, until the level meter 105 senses that the

vessel 100 is full. However, this same control routine may be used to implement a fill phase for

Reactor_02 by merely changing the designation of the input valve(s) to be those associated with

the valve systems 201, 202 and 203 instead of the valve systems 101, 102 and 103 and by

changing the designation of the level meter to be the level meter 205 instead of the level meter

105.

[0071] FIG. 2 illustrates one of the reactors of FIG. 1, in particular the Reactor _01, in more

detail. As similarly illustrated in FIG. 1, Reactor _01 of FIG. 2 includes the reactor tank 100, the



input valves systems 101, 102, 103 and 110 for the input of acid, alkali and water into the tank

100, the outlet valve system 104 for removing material from the tank 100 and the level sensor

105. As further illustrated in FIG. 2, each of the input valve systems 101, 102 and 110 uses a

similar equipment entity, referred to as a totalizer, which includes two valves disposed in parallel

with one another and a flow measurement device disposed downstream of the two valves. The

totalizer for the input valve system 101, which is illustrated in more detail in FIG. 3, includes an

on/off type valve named coarse valve 101a, an on/off type valve named fine valve 101b and a

flow meter 101c disposed downstream of the valves 101a and 101b. The totalizer 101 has one or

more control modules or routines associated therewith that are used to control the input of the

acid using the measurements made by the flow meter 101c. A first such control routine may

perform fast flow control through the totalizer 101 using the coarse valve 101a and the fine valve

101b while a second such control routine may perform accurate flow control through the totalizer

101 using the coarse valve 101a and the fine valve 101b.

[0072] As will be understood from FIG. 2, the alkali input valve system 102 includes a

totalizer having a coarse valve 102a, a fine valve 102b, and a flow meter 102c and the shared

water input valve system 110 includes a coarse valve 110a, a fine valve 110b, and a flow meter

110c. Each of the totalizers 101, 102, and 110 has the same type of replicated equipment therein

although they are used in different places on the same unit, i.e., the Reactor_01 unit. Likewise,

Reactor_02 and Reactor_03 also include totalizes at the input valve systems 201, 202, 301 and

302.

[0073] Similarly, the outlet valve system 104 is another piece of replicated equipment

including three valves. As best illustrated in FIG. 4, the outlet valve system 104 includes a main

outlet valve 104a which must be opened for any material to be released from the tank 100, a

product valve 104b which must be opened in conjunction with the main outlet valve 104a to

deliver product from the tank 100, and a drain valve 104c which must be opened in conjunction

with the main outlet valve 104a to drain material, such as waste product, cleaning fluids, etc.

from the tank 100 into a drainage or refuge system. Of course, one or more control routines are

associated with the outlet valve system 104 to control the states of the valves 104a, 104b and

104c to close the tank 100, to drain the tank 100 or to empty product from the tank 100.



[0074] To create and change a process configuration, a configuration application 50 stored in

one of the workstations 14 of FIG. 1 includes a set of module class objects 52 for use in

configuring the process control plant 10. The module class objects are especially useful when

configuring a plant with numerous sets of replicated equipment. Generally speaking, a different

module class object 52 can be created for each different type of physical unit or equipment that is

replicated or used within the process plant 10, for each type of control activity that is replicated

or used within the process plant 10, for each different type of display application that is

replicated or used in the process plant 10, etc. Once created, the module class objects 52 can be

used to configure elements of the process plant 10 that correspond to module class objects.

[0075] The module class objects 52, which are essentially generic versions of process entities

and are not tied to any particular process entity, can have lower-level objects or instances 53, 54,

55 and 56 (referred to herein as module objects or module blocks) associated therewith. The

term "process entity," as used herein, generally refers to a subset of the process plant 10 or

environment that may be integrally identified, categorized or grouped. For example, a process

entity may be a physical area of the plant, a type of equipment, a type of control function, a

group of related displays, or other category. Process entities may include other process entities.

For example, a process entity corresponding to "valves" may include lower level process entities

such as "gas valves" or "water valves," and the lower level process entity "water valves" may

include still lower level process entities such as "unidirectional water valve" and "bidirectional

water valve."

[0076] As mentioned above, as used herein, module class objects generally are generic or

categorical indications of process entities. A module object 53, 54, 55, 56 may be created or

derived from a module class object and thus may inherit the same structure and properties as the

module class object from which it was created or derived. However, each module object is tied

to a particular entity within the process plant 10. Thus, a single module class object 52 may be

created to represent a particular type of reactor unit (no matter how many of those reactor units

are present within the plant 10), while a different module object 53 may exist or be created for

each of the different reactor units of that type actually present within the plant 10.

[0077] The module objects created or derived from a module class object are associated with

and owned by the module class object. As a result, changes made to the module class object can



be reflected in or propagated to each of the module objects associated with that module class

object. Therefore, when a number of module objects have been created from a particular module

class object, with each of the different module objects tied to different process entities, each of

the different module objects can be changed by simply changing the module class object and

having the changes propagated down to the associated module objects. As will be discussed, the

propagation may automatically occur when the module class object is changed, or the time of

propagation may be selected.

[0078] The module class objects 52 of FIG. 1 may be what are commonly referred to as

objects in an object oriented programming environment or language. As a result, these objects

have the ability to own or to refer to other objects. Generally speaking, the module class objects

52 are high level objects which can include indications or definitions of individual elements such

as control routines, equipment or other elements associated with a process entity along with a

definition or indication of the manner in which those individual elements interact with one

another, such as the way in which physical elements are interconnected or the way in which

logical elements operate in conjunction with the physical elements. In other words, a module

class object may be an object within, for example, an object oriented programming language,

that provides the basis for control and viewing of a particular piece of or group of equipment, a

control element, a display, etc. within the process plant 10 and may be useful for creating many

instances of that element to be used to configure different replicated equipment within the

process control plant 10.

[0079] Basically, each module class object is a configuration container including a generic

definition of a process entity in the form of all of the different control and/or display applications

or routines that are applicable to that entity to be used by the controllers 12 to control that entity

or by the workstations 14 to perform display activities with respect to that entity. The module

class object may represent a process entity of any nature, such as a unit, a piece of equipment, a

control entity, a display application, etc. During the configuration of the process plant 10, the

module class object may be used to create configuration instances of the process entity for any

number of different process entities that conform to the definition provided by the module class

object, with each configuration instance (the module object created from the module class object)

being associated with or tied to a different actual process entity. These different module objects

include, among other things, control routines and/or display routines bound to particular process



entities as disposed within the process plant 10, with these control routines being able to be

downloaded and used within the controllers 12 of FIG. 1 to perform actual control activities on

the process entities and with the display routines being able to be downloaded to workstations 14

to perform actual display activities with respect to the entities during operation of the process

plant 10.

[0080] Different types of module class objects may reflect process entities of different scopes

and, therefore, contain control and/or display routines configured to operate on or with respect to

process entities of different scope. The larger the scope of the process entity, such as a unit, the

more control and/or display routines will typically be associated with the module class object and

the easier it is to configure sections of the plant using those module class objects. However, the

larger the scope of the process entity associated with a module class object, the less likely that

the process will include replicated equipment at that scope and, thus, the less likely the module

class object is to be useful on a large scale. Conversely, the lower the scope of the process entity

associated with a module class object, the more likely the module class object is able to be used

in various different locations of the plant, but the less amount of configuration is performed

when using that module class object in any particular instance. In any event, the module class

objects enable configuration to be performed for different replicated equipment at higher levels

of abstraction than at the control module level, which makes configuring a process plant with

replicated units and other equipment easier and less time consuming when using module class

objects, especially module class objects of a large scope, such as at the unit level.

[0081] Consequently, multiple levels of objects are possible. For example, objects

corresponding to instances 53, 54, 55, 56 created from module class objects 52 (e.g., "instance

objects") may themselves be parent objects to a set of one or more instance children objects (not

shown). One or more of the instance children objects may be a parent object to yet another level

of children objects, and so on. As used herein, a "process element object" generally refers to a

lowest level of object which corresponds to an elemental process entity to which a configuration

is downloaded, such as a valve, sensor, graphic shape, or controller. Thus, a process element

object may be an instance object that has no children objects.

[0082] In one example, when configuring a process control system, a configuration engineer

may create a single module class object for the different elements replicated within the process



plant, such as for the different reactors of FIG. 1. Thereafter, the configuration engineer may

create instances of the module class object (module objects) for each of the actual reactors of

FIG. 1. Each such created module object will include control routines used by the controller 12a

to operate one of the reactors of FIG. 1 and is specifically tied to or bound to the equipment

within the one of the reactors of FIG. 1. These control routines can then be downloaded to the

controller 12a and used during operation of the process plant 10. However, once created, each of

the module objects is still tied to the module class object and can be controlled by the module

class object to be changed, to provide or reject access to the module object, etc.

[0083] While there are many different possible types of module class objects that can be

created or used within a process plant to perform configuration activities within the process

plant, four specific types discussed herein as examples include unit module class objects,

equipment module class objects, control module class objects and display module class objects.

Generally speaking, each different type of module class object is designed or intended for a

different scope of control or use within the process plant 10. A unit module class object is

intended to be used to represent (and to configure) control activities for a broad scope of

equipment within a process plant. In particular, a unit module class object is intended to model

or be used to configure an inter-related set of equipment (typically replicated equipment) such as,

for example, the reactors of FIG. 1, having individual elements that work in concert with one

another in some known manner.

[0084] An equipment module class object is intended to be used to represent (and to

configure) control activities for a less broad scope of physical equipment within the process

plant. The equipment associated with an equipment module class object is generally one or more

physical entities, such as valves, flow meters, etc. that make up a subsystem of a unit and the

equipment module class object may include one or more commands or algorithms, which may be

command driven algorithms (CDAs), state driven algorithms (SDAs), sequential function chart

(SFC) algorithms, function block diagram (FBD) algorithms, phase algorithms, etc., to be

performed on the piece of equipment. Thus, an equipment module class object is aimed at

configuring the control of multiple low level components or entities within a unit to provide a

basic set of functions on that equipment as used within the unit. As is known, a command driven

algorithm (command driven control logic) is used when the low level components must be

coordinated through multiple steps to accomplish a function. For example, a valve may need to



be opened for a particular amount of time and then closed while another valve is opened and then

closed. The totalizer 101 of FIG. 3 uses this type of command driven algorithm to first initiate

and then manipulate the coarse valve and the fine valve based on the readings of the flow meter

to provide the desired total flow through the totalizer. A state driven algorithm (state driven

control logic) may specify the states of different low-level components which can be

manipulated in a single step. Such a state driven algorithm might be used in the outlet valve

system 104 of FIG. 4 in which the states of the different valves therein are controlled differently

(but in a single step) based on the desired state of the outlet valve system 104 to close the tank

100, to drain the tank 100 or to deliver product from the tank 100.

[0085] A control module class object is intended to be used to represent (and to configure)

individual control elements or control modules within the process plant. A control module class

object provides or specifies a particular type of control to be performed on a plant entity, such as

a valve, meter, etc., a piece of equipment or even on a unit. Generally speaking, a control

module class object provides a particular type of control programming, such as a set of

communicatively interconnected function blocks defining some control module to be executed in

a controller, useful to perform replicated control activities within a process plant. In most cases,

a control module class object may provide a generic control strategy to manipulate a single

device or a related set of devices.

[0086] A display module class object is intended to be used to represent (and to configure)

display activities to be viewed by a user, such as to a control operator, during operation of the

process plant 10. Thus, a display module class object may specify the programming needed to

generate a display of a certain type within an operator workstation 14 of FIG. 1 and the

programming needed to be run in one or more of the workstations 14 (as well as any other

devices within the process plant 10) to enable that display to obtain the proper information from

the plant during operation of the plant 10. Types of display class modules include, for example,

alarm displays, configuration viewing displays, operation viewing displays, diagnostic displays,

etc. Of course a display module class object may provide a display representing or tied to any

desired scope of physical elements or entities within a process plant. For example, a display

module class object may display information about an entire area, a unit, a piece of equipment, a

control element, or any combination of these elements within the process plant 10.



[0087] Referring to FIG. 5, a hierarchical graph illustrates the interconnections between the

different types of module class objects used in the configuration application 50 of FIG. 1 and the

interrelationship between module class objects and module objects developed from those module

class objects. Starting at the top of the graph of FIG. 5, module class objects (or "class objects,"

as interchangeably referred to herein) are separated by module class type into one of a unit

module class type 400, an equipment module class type 402, a control module class type 404 and

a display module class type 406. Of course, other types of module class objects may be provided

or used as well, with the four types illustrated herein being merely exemplary module class

types. Individual module class objects (which may be high level objects in, for example, an

object oriented programming language, and are represented in FIG. 5 with a double outline for

the sake of clarity) fall under each of the different types of module classes 400, 402, 404 and

406. In particular, there may be numerous different unit module class objects for different units

or types of units within the process plant 10. For example, a reactor unit class module object 410

may represent a particular type or configuration of a reactor within the process plant 10.

Likewise, a packager unit module class object 412 may represent a particular type or

configuration of a packaging unit within the process plant 10 and a dryer unit class module

object 414 may represent a particular type or configuration of a dryer unit within the process

plant 10. Of course, there may be more than one reactor unit module class object to represent

reactors that are different from one another in physical makeup. Further, no attempt is being

made to list all of the different types of units within a plant that can be represented or modeled

with a unit module class object, and one of ordinary skill in the art will realize that there are

many different types of units in different types of plants that may be modeled or represented with

unit module class objects.

[0088] Similarly, there may be many different equipment module class objects used to

represent, model and configure different types of equipment within the process plant 10.

Examples illustrated in FIG. 5 include a totalizer equipment module class object 416 and an

outlet valve equipment module class object 418, each of is associated with different types of

equipment (and preferably replicated equipment) within the process plant 10. In the same

manner, there may be many different types of control module class objects, illustrated in FIG. 5

as an on/off valve control module class object 422, a level sensor control module class object

424, and a flow meter control module class object 426. Moreover, display module class objects



are illustrated in FIG. 5 as an alarm display module class object 432, a viewing display module

class object 434 and a diagnostic display module class object 436. Of course, any other desired

unit, equipment, control and display module class objects may be created and used within the

configuration application 50 of the process plant 10 according to the principles described herein.

[0089] Each module class object may have sub-objects associated therewith or owned thereby.

These sub-objects may be module class objects in themselves or, as illustrated in FIG. 5, may be

module objects which are created as instances of the module class objects to which they belong.

Such instances are interchangeably referred to herein as "module objects," "instances,"

"instance objects" or "module instance objects" of the module class object on which they are

based or from which they are created. FIG. 5 illustrates that the reactor unit module class object

410 has three reactor module objects named Reactor_01 (reference 440a), Reactor_02 (reference

440b) and Reactor_03 (reference 440c) associated therewith, with these reactor module objects

corresponding to (i.e., bound to) the respective reactor class object 410 of FIG. 1. FIG. 5 also

illustrates the totalizer equipment module class object 416 as having or owning five different

children module objects named Waterl, Acidl, Acid 2, Alkalil and Alkali2 (references 440d-

440h). Likewise, the on/off valve control module class object 422 is illustrated as including

children module objects named Coarse_Valvel, Coarse_Valve2, Coarse_Valve3, Fine_Valvel,

Fine_Valve2 and Fine_Valve3 (references 440i-440n). Additionally, FIG. 5 illustrates the

Alarm_A graphic element object 440o based on the alarm display module object 432, the

Temp_Sensor_B graphic element 440p and the Control _Module_C graphic element 440q based

on the viewing display module object 434, and the Test_Module_D graphic element 440r and the

Pump_E graphic element 440s based on the diagnostic display module 436. In a similar manner,

each of the other unit, equipment, control and display module class objects of FIG. 5 may have

one or more module objects associated therewith. However, for the sake of simplicity, these

module objects are not illustrated in FIG. 5 .

[0090] In the graph of FIG. 5, each of the Reactor_01, Reactor_02, and Reactor_03 unit

module objects, the Acidl, Acid2, Alkalil, Alkali2 and Waterl totalizer (equipment) module

objects (references 440a-h), the Coarse_Valvel, Coarse_Valve2, Coarse_Valve3, Fine_Valvel,

Fine_Valve2 and Fine_Valve3 control module objects (references 440i-440n), the Alarm_A,

Temp_Sensor_B, Control_Module_C, Test_Module_D, Pump_E graphic element objects

(references 440o-440s) and the other unit, equipment, control and display module objects are



individual objects tied to actual process elements within the process plant 10, such as units,

equipment, control modules, display applications, and graphical or graphic display elements

within the process plant 10. As such, the objects 440a-440s are referred to interchangeably

herein as "process element objects," "process element module objects," or "element objects."

Similarly, each of the objects 440a-440s is a "child" or a "child object" of its respective "parent"

or "parent object" 410-436. For example, because there are multiple physical acid totalizers used

in the plant 10, there will be multiple acid totalizer process element module objects created in the

configuration routine, with a separate child acid totalizer process element module object existing

for each of the individual acid totalizers that exists within the plant 10. However, each of the

child separate totalizer process element module objects is tied to or is owned by the same parent

totalizer module class object 416. Of course, the graph of FIG. 5 illustrates only a limited

number of module class objects, module objects, instance objects, and process element objects

associated therewith, and it will be understood that other types of module class objects may be

provided and that any desired number of module objects, instance objects, and process element

objects may be created from each of the different module class objects.

[0091] Furthermore, an object that is a child of a parent object may itself have children

objects. For example, the class object flow meter control module 426 may include two children

instance objects, e.g., "Water_Flow_Meter module" and "Solvent_Flow_Meter module" (not

illustrated). Water_Flow_Meter module may include respective children process element

module objects corresponding to respective actual flow meter elements within the process plant

10, such as "Water_Flow_Meter_l" and "Water_Flow_Meter _2." As such, the process element

objects "Water_Flow_Meter_l" and "Water_Flow_Meter _2" are based on "Water_Flow_Meter

module," which is based on flow meter control module 426.

[0092] Each of the module class objects of FIG. 5 (and therefore each of the module objects of

FIG. 5) may include, as part of the object, a definition or indication of the physical or logical

process elements that define or make up the module and, if desired, the manner in which those

process elements interact either physically or logically with one another to perform some activity

within the process plant 10. For example, unit module class objects will typically include an

indication of all of the physical and control elements within or making up the process entity

being defined as the unit. The unit module class object may also define the particular makeup of

the individual parts and how those parts are physically tied together to operate as a unit.



Likewise, an equipment module class object will typically include the control routines or control

modules to be used to control the entity defined as the piece of equipment and commands which

use the control routines or control modules to define the manner in which the parts interact either

physically or logically, to operate as a piece of equipment when disposed within the plant 10.

Similarly, each control module class object will define a control activity, typically in the form of

a control algorithm of some sort, to be performed within the plant. Also, each display module

class object may define, among other things, a display screen configuration, the information to

be displayed, and graphic or graphical elements representing various elements of the process

plant 10 and to be presented on the display screen, as well as the data to be collected and the data

manipulations to be performed on collected data, if any, for specified types of units, equipment,

areas of the plant, or any other physical or logical entity within the plant 10.

[0093] As part of a module class definition, a module class object may indicate or define other

module class objects to be incorporated or used therein. When this is the case, the module

objects created from that module class object will incorporate, refer to or include other module

objects created from other module class objects according to the relationships defined at the

module class level. Although not strictly necessary, unit module class objects may incorporate

other unit module class objects, equipment module class objects, control module class objects

and display module class objects, while equipment module class objects may incorporate other

equipment module class objects, control module class objects and display module class objects.

Control module class objects may incorporate or refer to other control module class objects and

display module class objects. However, if desired, other module class object interrelationships

may be used as well. These incorporation relationships are illustrated by the large arrows at the

bottom of the graph of FIG. 5 indicating that any of the display module class objects may be

included in or referred to by any of the control, equipment and unit module class objects, that

any of the control module class objects may be included in or referred to by any of the equipment

and the unit module class objects and that any of the equipment module class objects may be

included in or referred to by any of the unit module class objects. It will be understood that

module class objects may incorporate other module class objects of the same type. For example,

a unit module class object may incorporate, as part of its definition, another unit module class

object. In a similar manner, an equipment module class object may include another equipment

module class object, a control module class object may include another control module class



object and a display module class object may include another display module class object. Of

course, if desired, a module class object may use or incorporate another module class object

multiple times. For example, a reactor unit module class object may incorporate or use the

totalizer equipment module class object numerous times because the reactors being modeled by

the reactor unit module class object include multiple instances of totalizers.

[0094] It will also be understood that, when a first module class object incorporates or uses a

second module class object, any module object created from or as an instance of the first module

class object will incorporate or use a module object created from or as an instance of the second

module class object. Thus, when the reactor unit module class object 410 uses a totalizer module

class object 416 as an element or part thereof, the Reactor_01 module object will use or include

one of the totalizer module objects, such as the Acidl module object 440e, as an element or part

thereof. Similarly, if a totalizer equipment module class object incorporates or includes an outlet

valve equipment module class object, a module object created from the totalizer equipment

module class object, which will be uniquely named as, for example, Totalizer_l, will include a

module object created from the outlet valve equipment module class object and uniquely named,

for example, Outlet_Valve_2. In this manner, the relationships between the module class objects

as defined at the module class object level are reflected in the module objects developed or

created from these module class objects. This interconnection or referencing between module

class objects (and therefore module objects) enables great variability and high transferability of

objects during configuration activities so that, after a set of primitive module class objects, such

as control and equipment module class objects, are created, more complex module class objects,

such as unit module class objects, may be easily created by referencing the primitive module

class objects. Of course, while module class objects can reference or use other module class

objects, they can also or instead define or use simple objects or process element objects, such as

valves, sensors, etc. which have no associated module class object. These simple or process

element objects will be fully defined in terms of the control routines used therefor, within the

module class object itself.

[0095] An example reactor unit module class object 410 is illustrated in FIG. 6 to show one

manner of describing or defining the entities associated with or present within a unit module

class object. As illustrated in FIG. 6, the reactor unit module class object 410 includes an

indication of a tank 500, which is a simple object or process element object within the process



plant 10 for which no module class object exists. The tank 500 is illustrated in dotted lines

because there is no control or low-level activities need to control, or perform input/output

activities with respect to the tank. As a result, the tank 500 is included merely to illustrate the

interconnections between the other objects associated with the reactor unit module class object

410. The reactor unit module class object 410 also includes three totalizers 501, 502 and 510

named Acid, Alkali and Water, respectively, which are three different references to the totalizer

equipment module class object 416 of FIG. 5 . The Water totalizer module class object 510 is

illustrated in a section of the unit module class object 410 that is separated by dotted lines to

indicate that this is a shared module class object and, thus, that the unit module class object 410

has shared control over this object with other unit module class objects. The outlet object 504 of

FIG. 6 is a reference to the outlet valve equipment module class object 418 of FIG. 5, the level

sensor 505 is a reference to the level sensor control module class object 424 of FIG. 5 and the

water_in valve 503 is a reference to a valve object which may be a simple valve element (and so

fully defined within the unit module class object 410) or which may be a reference to a valve

control module class object defined elsewhere in the configuration strategy. The physical

interconnections between the different entities or parts of the reactor unit module class object

410 are also illustrated for the sake of defining the interconnections between these different

elements. As noted above, the unit module class object 410 or other module class objects of any

type, can include simple elements which are fully defined within the module class object

(including any generic control routines associated therewith) and/or can include references to

module class objects defined exterior to the module class object.

[0096] The unit module class object 410 also includes two example display module class

objects called a reactor viewing display 520 and a reactor alarm display 522 which are references

to the viewing display module class object 434 and the alarm display module class object 432 of

FIG. 5 . These objects define generic display activities for displaying the state (e.g., the fill level

of the tank) and alarms associated with any of the equipment or parts of the reactor unit defined

in the reactor unit module class object 410. Similarly, the unit module class object 410 may

include other elements, such as phase class objects, illustrated in the box 524 as a Dose, a Mix, a

Drain and a Flush phase class object, each of which defines a generic control routine to be

operated on the unit defined by the unit module class object 410. The unit module class object

can have zero or more associations to phase class objects. The phase class objects 524 can be



defined elsewhere and imported into the unit module class object 410 in any desired manner. In

a sense, the phase classes 524 are commands or routines that may be operated on a unit defined

by the unit module class object 410 to perform different functions, such as filling the unit,

heating the unit, emptying the unit, cleaning the unit, etc.

[0097] Moreover, the unit module class object 410 may include a memory or section 526 that

stores references to the module class objects which are created by the configuration application

50 (FIG. 1) from this unit module class object 410. The section 526 is essentially a list of the

module objects that were created from and that are owned by the unit module class object 410.

(Of course this list or other indication of the owned module objects can be stored in the

workstation or by the configuration application 50 in any desired manner and does not have to be

physically contained in the unit module class object 410). In any event, in the example of FIG.

6, the unit module class object 410 owns module class objects Reactor_01 440a, Reactor_02

440b, Reactor_03 440c, etc., each of which has been created from the reactor unit module class

object 410.

[0098] The unit module class object 410 also includes a set of methods 530 that can be

performed by the unit module class object 410 either during or after the configuration activities.

The methods 530 may include a change management method or application that automatically

propagates changes made to the unit module class object 410 to each of the module objects 526

owned by the unit module class object 410. Other methods may include security control

methods which perform security or access control with respect to the unit module class object

410 and/or with respect to any of the unit module objects 526 owned thereby or methods that

enable a user or configuration engineer to specify change parameters and/or security parameters

for the module class object or any module objects created therefrom. Of course different

methods 530 may perform any other procedure on or with respect to the unit module class object

410.

[0099] If desired, the unit module class object 410 may control the manner in which changes

made to the module class object 410 are propagated to the unit module objects 526 as well as the

manner in which security access is set up in the unit module objects 526. One manner of

providing this functionality is to set one or more flags or parameters within the unit module class

object 410 to specify the manner in which changes are to be propagated to and security is to be



handled in the unit module objects 526. In particular, one or more change propagation

parameters may be set to specify whether or not changes made to the unit module class object

410 are to be automatically propagated to the one or more of the module class objects 526.

These change propagation parameters may be stored in the unit module objects 526 and may

specify for the entire unit module object, or on a sub-element by sub-element basis, whether

changes made to the unit module class object are to be reflected in the unit module object. For

example, the unit module class object 410 may include a global change parameter 534 (marked

"C") which may be set in each unit module object created from the unit module class object 410

to enable or disable changes made to the unit module class object 410 from being automatically

reflected in the unit module object. Likewise, each sub-element or block, such as the blocks

501-505, 510, 520 and 522 may include a change parameter 536 specifying, for that block only,

whether changes made to that block in the unit module class object 410 are to be reflected in the

unit module object. Of course, the different blocks of a unit module object may be set differently

so that, for example, changes made to the Acid block 501 of the unit module class object 410

will be propagated to the corresponding Acid block of a particular one of the module objects 526

but so that changes made to the Alkali block 502 of the unit module class object 410 will not be

propagated to the Alkali block of the particular one of the unit module objects. Furthermore, the

different unit module objects created from a unit module class object may have the change

parameters set differently from one another so that changes to the Alkali block 502 within the

unit module class object 410 are propagated to the corresponding Alkali block of a first one of

the unit module objects 526 but not to the corresponding Alkali block of a second one of the unit

module objects 526. Of course, the change management method of the unit module class object

410 may access and use the change parameters of the unit module objects 526 to make or not

make a change within those objects when the change is made in the unit module class object 410.

[0100] In a similar manner, the unit module class object 410 may include one or more security

parameters which specify the manner in which security or access is controlled in each of the unit

module objects 526. The unit module class object 410 may include a global security parameter

538 (marked "S") which may provide any desired level of security to the entire reactor unit

module object created from the reactor unit module class object 410 and/or may include a

different security parameter 540 for each sub-element of the unit module class object 410, such

as for each of the blocks 501-505, 510, 520, 522, etc. which specifies a level of security for each



of those blocks on a block by block basis. The global security parameter 538 may be a locking

parameter that locks the unit module class object to all users except those having a preauthorized

security access level. Of course, the security parameters 538 and 540 may specify any one of a

number of different levels of security, such as no access, limited access, access to particular

types or identities of users, etc., and the security levels may be set to be different in the different

blocks and in the different unit module objects created from the same unit module class object.

If desired, part of the security measures may include providing encryption on one or more

methods or algorithms associated with the unit module class object.

[0101] It will be understood that the change and security parameters of the unit module class

object 410 may be set to a default value, and that the corresponding change and security

parameters of each unit module objects 526 created from the unit module class object 410 may

take on this default value when created. However, the default change and security parameters

may also be individually changed (by a user with proper security access) in the unit module

objects 526 after these unit module objects are created. While the change and security

parameters are discussed herein with respect to a reactor unit module class object, similar change

and security parameters may be provided in other types of unit module class objects as well as in

any desired types of equipment module class objects, control module class objects, display

module class objects, etc.

[0102] If desired, the unit module class object 410 may include references, such as URLs or

other references, to documentation stored for or associated with the unit class module object,

including documentation associated with the unit or any sub-elements of the unit associated with

the unit module class object 410. Such references are illustrated in FIG. 6 as references 549.

[0103] The embodiment shown in FIG. 6 depicts change parameters and security parameters

as being associated with the unit module class object 410, and as indicating change propagation

and security guidelines as applied to children or derived objects of the module class object 410.

In some embodiments, the change parameters and/or the security parameters may additionally or

alternatively be associated with a respective child object or a respective derived object of the

module class object 410 (e.g., with reactor object 440a), and may indicate guidelines as to

whether or not the respective child or derived object receives changes or incorporates security

restrictions from one or more parent objects.



[0104] FIG. 7 depicts a screen display which may be created by the configuration application

50 of FIG. 1 during the process of a configuration engineer creating and using module class

objects to configure the process plant 10. Generally, a screen display includes an explorer view

on the left-hand side of the screen, which provides an organizational tree structure depicting the

configuration of the process plant 10. Likewise, a screen display generally includes one or more

information views on the right-hand side thereof. These information views provide further

information about selected ones of the elements in the explorer view. The information that is

able to be displayed to a user or changed by a user in the information views may be determined

or controlled by the control and security parameters of FIG. 6 set for each of the different module

class objects or sub-elements thereof. Thus, a particular element within the explorer view may

be displayable or exposed to a user for viewing and/or changing based on the security and

control parameters set in the module class object and propagated to the module objects depicted

in the explorer view. Of course, as explained earlier, information may be hidden at all time, may

be displayable or changeable only by a user entering a password or other security code, may be

displayable at all times and not changeable, may be displayable and changeable at all times or

any other combination of these or other security and change parameters. Still further, if desired,

the displayability, visibility, or changeability of an element may be indicated in the explorer view

using highlighting, graying out, color or any other technique to inform the user which elements

can be displayed in more detail or changed.

[0105] In FIG. 7, a screen display 600 includes a portion of an explorer configuration view

602 depicted on the left-hand side of the display. The portion of the explorer view 602 illustrates

a library which stores numerous module class objects, including unit module class objects 604,

equipment module class objects 606 and control module class objects 608. A Reactor unit

module class object 610 (which may correspond to the reactor unit module class object 410 of

FIG. 6) is stored within the unit module class library 604 and includes indications of numerous

sub-elements including a Dose, a Mix, a Drain, and a Flush phase class objects, and an Acid, an

Alkali, a Water, and an Outlet equipment module class objects, a Water_In and a Level_Meter

control module class objects and other objects as desired. Thus, as defined in the unit module

class library 604, the Reactor unit module class object 610 includes indications of phase classes

as well as indications of equipment module class objects and control module class objects.



Because the Reactor unit module class object 610 is selected in the screen 600, the elements

thereof are depicted in more detail on the right-hand side 612 of the screen 600.

[0106] Still further, the equipment module class library 606 includes a totalizer equipment

module class object 614 (which may correspond to totalizer equipment module class object 416

of FIG. 7) and a Reactor_Outlet equipment module class object 616. The totalizer equipment

module class object 614 includes three different portions of an algorithm (such as one of the

algorithms 564 of FIG. 7) called Command_00001, Command_00002 and Command_00003.

The module class object 614 also includes references to control module objects called

Coarse_Valve and Fine_Valve (which are on/off type control module class objects) and

Flow_Meter (which is a flow meter type control module class object). Still further, the

Reactor_Outlet equipment module class object 616 includes a state driven control algorithm

having different states called State_00001, State_00002 and State_00003, a Target, a Drive, a

Monitor and a Readback module and an Outlet, a Drain and a Product valve control module

object (which may be indications of or references to module blocks of the on/off control module

class object type and which are named Outlet, Drain and Product or which may be simple

objects). The command and state driven algorithms associated with the Totalizer and the

Reactor_Outlet module class objects 614 and 616 may be any desired routines and may refer to

control module objects within the equipment module class object to be used with those

commands. In particular, the CDA or SDA command algorithms of the equipment module class

objects may include expressions or actions which refer to control modules (or other equipment

modules) by incorporating the names of those modules to indicate which piece of equipment is to

be manipulated when performing the algorithm. The use of the name of the control module (or

another equipment module) within these algorithms specifies the control module object

referenced by or associated with the equipment module object in which the algorithm is located

and the specific names will be bound or instantiated when the equipment module object is

created from the equipment module class object.

[0107] Of course if desired, the screen illustrated in FIG. 7 and similar screens may be used by

a configuration engineer to create and specify control algorithms within the Dose or other phase

classes, or for any of the other modules, such as unit module class objects, equipment module

class objects, and display module class objects to thereby create any desired module class object.



After creating one or more module class objects as described above, the configuration engineer

may then use these module class objects to configure elements within the process plant 10.

[0108] Any of the equipment or control modules could be designated within a unit module

class object as a shared or a non-shared module object. A non-shared module object is

completely owned by the higher level module object in which the non-shared module object is

created. A shared module object is owned or associated with more than one higher level module

object. The shared or non-shared nature of a module object influences the depiction of a module

object in the explorer view. In particular, a non-shared module object designation results in a

module object being depicted only under the higher level object within the control strategy,

while a shared module object designation results in the shared module block or module object

being depicted under each of the higher level module objects which share that element as well as

a stand-alone module object in the explorer hierarchy.

[0109] It will be understood that, in a similar manner, the configuration engineer may use any

other unit module class objects, equipment module class objects and control module class objects

as well as display module class objects to create configuration elements for units, equipment,

control elements and display elements within the process control environment according to the

principles described therein. Further, the configuration engineer may make changes to the

elements of the configuration of different process entities on a global basis by changing one or

more of the unit module class objects and having those changes propagated to each of the

module objects created from and associated with those unit module class objects. This feature

makes changes within the configuration easier and less time consuming to make after a

configuration has already been created. Moreover, the configuration engineer may specify an

access level to different elements or components of module objects within the configuration

system by setting security parameters within the module class objects. As noted above, the

configuration engineer may specify a security on a module by module basis at any level, such as

at the unit module level, the equipment module level, the control module level and the display

module level. In this manner, some elements of a unit module object may be viewable while

others may not be viewable.

[0110] Of course, once the configuration system is complete and the module objects are bound

to the individual process entities within the process plant 10, the control and display modules or



elements associated with these modules may be downloaded to the proper controllers 12,

devices, and workstations 14 of FIG. 1 for execution during operation of the process plant 10.

[0111] The techniques, systems and methods described herein allow for configuration of

process plants and process control systems using flexible class objects, instance objects and

process element objects. In an example, propagation of changes or modifications to a parent

object are phased or delayed to one or more respective children objects so that the timing of

configuration updates may be controlled in a process plant. The phasing and/or delay is

indicated by a user, in an embodiment, and may be different for different children objects. In

another example, changes made to a parent object are applied to selected children objects but not

to all of the children objects of the parent. A user may indicate a selection of the desired children

objects to which the changes are to be applied. In yet another example, changes made to a child

object are selectively applied to its parent object and/or to one or more children objects. The

selection of the desired parent and/or children object(s) to which the changes are to be applied

may be indicated by a user. Additionally or alternatively, a user may make draft changes or

modifications to various objects without automatic distribution and/or instantiation (e.g., creation

of an executable file) of the changes. Different sets of draft changes may be saved as different

versions of the various objects, and may be tested off-line without affecting the live operations of

the run-time process plant.

[0112] Further, the techniques, systems and methods described herein apply to items or

objects stored in a library (e.g., templates and/or user-created library objects) of the process

control system or plant 10. Alternatively or additionally, the techniques, systems and methods

apply to items or objects stored in a configuration database 25 of the process control system or

plant 10, which, in some cases, are created or are derived, at least partially, from library items or

objects.

[0113] Still further, one or more of the flexible configuration techniques and objects described

herein may be used in a process plant, such as the process plant 10 of FIG. 1, or in other suitable

process plants or process control systems. In an example, one or more of the techniques

described herein is performed by a configuration application 50 executed on one or more

workstations 14 of FIG. 1. In another example, one or more of the techniques described herein is

performed at least partially by a remote application (e.g., a web client or other remote access



means) that accesses the application. In some embodiments, one or more of the flexible

configuration techniques are used in combination with other configuration techniques other than

those described herein.

[0114] Moreover, the flexible configuration techniques and objects described herein are

implemented using module classes such as those described in FIG. 5 . The flexible configuration

techniques described herein, however, may be implemented using other suitable module classes,

software architectures, and/or programming techniques.

[0115] Item or Object Drafts:

[0116] As previously discussed, embodiments of the flexible configuration techniques,

systems and methods described herein enable users to make changes to library and system

configuration items or objects without requiring downloads that may adversely affect the runtime

process plant or process control system. Library items or objects generally are template objects

stored in a centrally accessible location or library (e.g., the configuration database 25 or other

storage device that is accessible to the workstations 14 and to other interfaces and computing

devices). System configuration items or objects (and some library items or objects) are generally

based on or derived from one or more library items. For some items and objects, at least some

aspects are customized by a user.

[0117] The term "item," as used herein, refers generally to objects such as a class object, an

instance object, or a process element object. An item may be stored in a library (e.g., a "library

item" or "library object"), or an item may be stored in a system configuration data storage area

(e.g., a "configuration item" or "configuration object"). Additionally, the term "item," as used

herein, may also generally refer to an item that is internal to and defined by an object, e.g., at

least part of the content of an object. Possible internal items of objects include, for example,

methods, actions, data fields or other attributes, an input, an output, a type of I/O (e.g., a type of

an input/output card or device via which the controller, e.g., the controller 12 or 12a of FIG. 1,

communicates with the system), functions or usages, definitions, parameter values, a reference to

a parent object, a reference to a child object, a reference to another object that is neither a parent

object nor a child object, and other internal items. An internal item may be absolutely defined

(e.g., a data field storing a constant value or expression), or an internal item may be relatively

defined, such as by a reference to an absolute value, an absolute expression, another object, or



another reference. For example, internal items defined by a graphic display element object may

include a reference to a parent object, one or more fields, triggers, functions, view definitions,

event handlers, animations, placeholders, parameters, tables, etc. In another example, internal

items defined by a control module element object may include a reference to a parent object, one

or more inputs, outputs, parameters, function blocks, interconnections, field expressions, external

references, actions, algorithms, transitions, etc.

[0118] The term "linked" item, as generally used herein, refers to an object or item whose

structure and initial values are derived or created from a parent object or item, and/or whose

structure and initial values are provided to a child object or item. As such, a linked item may be

a parent item. Additionally or alternatively, a linked item may be a child item. Accordingly, an

"unlinked" item, as generally used herein, refers to an item or an object that does not have a

parent object and does not have any children objects. Linking (e.g., maintaining indications of

parent/child object relationships) allows users to define a structure and initial values of a parent

item or object, and then share the same structure and initial values with instance or children

objects. For example, when a user wants to make a modification or change that affects all

instances of a class object, the user merely modifies the class object, and the changes are

distributed or propagated to the linked instances of the class object.

[0119] The term "current item" or "current object," as used herein, denotes an item or object

which has been instantiated (and in some cases, downloaded), and which may executed during a

run-time of a corresponding process element in the process plant 10. For example, when a

current process element control object is instantiated, executable configuration code

corresponding to the current process element control object is downloaded to a process element

such as a controller 12 or 12a of FIG. 1, and the controller 12 or 12a is configured to operate,

during run-time, according to the functions, inputs, outputs and other conditions as defined by

the instantiated current process element control object. In another example, a current graphic

display view object is instantiated at a user interface when a view corresponding to the definition

included in the current graphic display view object is built and presented on the user interface.

Typically, a change made to a particular internal item defined by an object typically does not

affect other internal items defined by the object.



[0120] The terms "modification" and "tweak" are interchangeably used herein to denote one

or more changes to the contents of an object while maintaining a link to its parent object. One

example of a modification or change to a current item or object is the addition of a new internal

item to the current item or object, such as the addition of a new parameter or action.

Additionally or alternatively, a modification may include deleting an existing item of the current

process element object, and/or may include changing a value, expression or reference of an item

of defined by the object. In some scenarios, a modification includes a disabling of a particular

item, so that the particular item is ignored during instantiation. For example, in a particular

instance object, a user may disable an item that is defined in the parent class object. Such a

capability allows a user to define instances that have less functionality than the rest of the class,

but still include core class functionality. Any disabled content may be visually muted, made

invisible, or otherwise rendered impotent, and is not used during run-time. Disabled content

may be re-enabled by the user at any time. Generally, a modification may include resolving a

reference to a constant value or expression, such as when a reference in a parent object is

resolved to a constant value in a respective child object.

[0121] Any modifications, changes, and combinations thereof may be made to class items or

objects, instance items or objects, process element items or objects, or internal items. In the case

of instance objects and other children objects, changes or modifications to the children objects do

not result in the child object being removed from its parent, in an embodiment. For example,

modifications to an instance object does not remove the instance object from its class, and

furthermore, does not affect other instances of the same class unless indicated as such by the

user. In an embodiment, changes or modifications to items defined by a child object are

indicated by a flag or other indicia within the child object, and may be labeled as such so as not

to interfere with items at the class level. As such, this flexibility may reduce proliferation of

parent objects, and make a single parent item or object applicable to a wider variety of

applications by allowing more variation amongst its children items or objects.

[0122] Additionally, users are able to save a set of modifications to an item or object as a

draft. Generally, draft objects are able to be tested without impacting the run-time process plant

or system. ("Testing" of a draft object, as used herein, generally refers to the ability to do an

initial check on the draft object itself to determine if the changes or modifications are correct, but



typically does not imply full factory acceptance testing, which would require the draft object to

work in an environment with other drafts.)

[0123] In an embodiment, only one draft for a particular object may exist at time. In an

embodiment, multiple different drafts may exist for a particular object. A user may be able to

add, delete or modify a draft object. In some embodiments, version control of draft objects is

available. A draft object may be identified as a draft by a flag, a field or other indication

included in or associated with the object. In an embodiment, a draft object is stored as a child

object of the currently instantiated object, as a child object of a parent object of the current

object, or as a child object of a library object from which the current object is derived. In some

scenarios, other information corresponding to the draft object (e.g., author, time of storage, etc.)

may also be stored.

[0124] Different drafts containing different modifications to a current object may be created

and stored (e.g., simultaneously). The different drafts may be sequential in nature. For example,

a first draft may correspond to configuring a legacy process device, and a second draft may

correspond to configuring a newer model of the process device. Different drafts may differ in

content. For example, a first draft may correspond to configuring a valve made by manufacturer

A to perform a particular function, while a second draft may correspond to configuring a valve

made by manufacturer B to perform a similar function. Indeed, any combination of sequential

and/or content changes may be manifested across a set of drafts, for example, as desired by the

user.

[0125] Drafts generally are not allowed to be instantiated or downloaded, but are allowed to

be tested to ensure they work properly before they are published into editions that are allowed to

be distributed and downloaded. In this manner, a user is able to make modifications to a current

item or object, and store the modifications as a draft. When the user deems that the draft is

acceptable, the user may publish the draft to generate a new edition of the item or object, e.g., a

"published" or "approved" item or object. The new edition of the item or object is stored and is

available for instantiation or download into the process plant or system.

[0126] Editions:

[0127] As such, editions help users to track and control changes to process elements. In

particular, an item or object may go through changes as part of its lifetime. Initially, the object is



created, and each subsequent change to the object (either structural such as adding/deleting a

function block, or changing a parameter value) typically is distributed or propagated to its

children objects. During live process plant operations, though, changes to parent items or objects

(and incomplete, unapproved or untested changes in particular) should be prevented from

entering the runtime system in an uncontrolled fashion. Accordingly, the flexible configuration

techniques and objects described herein include "editions" to enable a user to control the

distribution and propagation of changes. An "edition," as used herein, generally refers to a draft

modification to a current object that has been approved or published, and is available for

instantiation into a runtime environment. Editions or publications are able to be instantiated into

a process plant or process control systems, while drafts are not allowed to be instantiated.

[0128] In an embodiment, drafts are published into editions when a user so indicates (e.g.,

only after a user approves the draft). Accordingly, when a draft modification to a process

element item of an object is approved, a state of the process element item or object may change

from a first state in which instantiation is prevented or not allowed (e.g., a "draft" state) into a

second state in which instantiation is allowed (e.g., a "published" state). In an embodiment, only

authorized users or users having a suitable security clearance are allowed to publish drafts into

editions (e.g., to approve draft modifications to generate published modifications or editions).

When multiple drafts are available, a user may select which of the multiple drafts is to be

published into an edition.

[0129] Editions of objects may be identified by a flag, a field or other indication included in or

associated with the object. In an embodiment, an edition or published modified object is stored

as a separate object that indicates or links to, as its parent, a draft of the modified object, the

current object, another edition, another object, or a library object. In some scenarios, other

information corresponding to the edition of the object (e.g., author, time of publication, etc.) may

also be stored. In an embodiment, a child item or object may be linked to both an edition of the

parent object and to the parent object itself.

[0130] When multiple editions of an object are available, a user may indicate or select which

of the multiple editions is to be instantiated, in an embodiment. For example, a user may

indicate that different editions of the object are to be instantiated at different process elements

within the process plant. Alternatively or additionally, a user may indicate different times of



instantiation for an edition or for different editions. A user also may delete, disable or edit an

edition, in some cases.

[0131] In some embodiments, only one draft (and not multiple drafts) is allowed to be stored.

In such embodiments, only a current edition of a current object is allowed to be edited by a user.

As such, after editing, a user saves the draft modified object, and, upon user direction, the draft

modified object is published as a new current edition of the object. In an embodiment, the

previous current edition may be automatically deleted if it does not have any children objects

linked to it and if it is not the only edition, such as in the case of library items or objects. Thus, if

the current edition does not have any children objects, subsequent publishing of modifications to

the current edition may simply replace or overwrite the current edition (e.g. an additional current

edition is not created). In an embodiment, one or more previous current editions may be hidden

from or made inaccessible to users.

[0132] In an embodiment, publishing a parent item or object that has at least one child object

automatically produces a new current edition of the child object. In an embodiment, re-naming

an object does not create a new edition of the object, but re-naming an internal item defined by

the object requires saving the renamed internal item as a draft, and publishing the renamed

internal item draft as a new edition of the internal item.

[0133] In an embodiment, if a published item or object is referred to or incorporated into

another published item or object (and optionally is nested as such to multiple levels of objects),

creating a new edition of the innermost item or object may automatically create new editions of

each of the containing items or objects at all levels of nesting.

[0134] Distribution or Propagation of Changes and Modifications:

[0135] The terms "distribution" and "propagation" are used interchangeably herein, and

generally refer to a transfer of structure (such as function block usages, dynamo usages, shapes,

parameter types, wires, etc. for control objects; and such as animations, view definitions, shapes,

connectors, etc. for graphic element objects) and parameter values from a parent object to a child

object, and/or from a child object to its parent object. Typically, modifications or changes in an

edition or published object are propagated. In an embodiment, only the changed items included

in the published edition of the object are propagated. In an embodiment, the entire edition of the

object is propagated.



[0136] A policy setting may control the distribution or propagation process on a per object or

per item basis. In an embodiment, the policy setting is changeable by a user such as a

configuration designer or a system administrator. Access to changing policy settings are

securely controlled in some configuration systems. The distribution or propagation policy

setting includes at least two possible values: automatic and user-managed. In an example, if the

policy is set to automatic for an equipment item defined in the library, then changes or

modifications to the library-stored equipment item that are published in a new edition are

automatically and immediately propagated to any linked items of that equipment item, resulting

in new published editions of the linked items.

[0137] If the policy of the object is set to user-managed, though, newly published changes are

not automatically and immediately propagated to linked items. Instead, a user manually initiates

propagation (or creates a script or similar to initiate propagation) to selected linked items at

selected times. In the example of the library-stored equipment item above, if its policy is set to

user-managed, the user may select particular children system configuration items to receive the

published changes at specified times. Further, if there are multiple stored editions of the library-

stored equipment item, a user may indicate which of the multiple editions is to be propagated at

which times.

[0138] Accordingly, the flexible configuration techniques and objects described herein allow a

user to make changes to a parent object (e.g., a class object), to specify the children objects (e.g.,

instance objects) to which the changes are to be distributed or propagated, and to specify when

the propagation is to occur. Thus, after publication, the changes made to parent objects may be

immediately propagated to only the children objects that require the change, while other children

objects may be updated with the change at a later time. Selection of the recipients of a change or

modification may be performed on a per process entity or element basis, or may be performed on

a group basis (e.g., an area of a plant, all devices of a certain manufacturer, all devices running

release X, all meters in a certain test production line, etc.). Such selectivity in distribution and

propagation may increase plant performance during runtime, as not all children objects are

updated at once. Further, changes and modifications may be phased into a process plant in an

optimized and controlled manner.



[0139] In an embodiment, for a parent object that has at least one child item and also has

multiple existing editions, changing the distribution or propagation policy setting does not affect

any published, currently instantiated editions of the parent object. However, if the contents of

the parent item or object are subsequently changed, the content changes are propagated to all of

its children items or objects so that the children use the resulting current edition of the parent

object, and prior editions are deleted or disabled.

[0140] In an embodiment, propagation or distribution of parameter values from a parent object

only occurs if the value has not been overridden in the child object.

[0141] Similar to parent objects, changes or modifications made to a child object (e.g., an

instance object or a process element object) may also be selectively propagated or distributed to

a respective parent object (e.g., a class object or an instance object). The timing and/or the

content of the propagation is selected by a user, in an embodiment. In this manner, changes at a

child object may be propagated to a parent object, which may in turn propagate the change to

other children objects.

[0142] In an embodiment, a user may indicate that a particular item defined by a child object

is to be hidden from the parent object (e.g., disabled). For example, if a particular parameter

value is added to the child object, but is not generally applicable to the parent object and other

children of the parent object, the particular parameter value may be flagged or otherwise hidden

or disabled during propagation to the parent object.

[0143] Instantiation:

[0144] An edition may be selected for instantiation by a user, in an embodiment. Instantiation

of a selected edition results in a corresponding process element executing, during run-time,

according to the internal items defined by the selected edition. For example, in the case of a

control object, a user desires a particular published edition of the control object to be

downloaded to a corresponding device in the runtime system. The user instructs the system to

generate a download edition from the selected edition, and to transmit the download edition to

the process element in the runtime system. As such, during runtime, the process element

executes an executing edition of the control object, where the executing edition includes a

configuration that contains the modifications included in the edition. In another example, a user

instructs the configuration system to instantiate a published graphic display element object



included on a display view. The configuration system creates an executing edition of the graphic

display element object. When the corresponding display view is built at runtime, the executing

edition of the graphic display object is executed, resulting in a respective graphic element being

included on the display view. When multiple editions are available, a user may select which of

the multiple editions is to be instantiated.

[0145] In the above examples of instantiation, instantiation occurs at a time specified or

indicated by a user, or after an event specified or indicated by a user. In some embodiments, the

user may indicate that an edition of an object is to be instantiated immediately after publication.

For example, the user may indicate that the instantiation of a first set of children objects

corresponding to the edition is to be immediately performed after publication, the instantiation of

a second set of children objects corresponding to the edition is to be delayed for a specified

amount of time, and the instantiation of a third set of children objects corresponding to the

edition is to be delayed until the user explicitly requests instantiation. As such, with the flexible

configuration system techniques and objects described herein, a user is able to control when and

which modifications are instantiated at various process control elements.

[0146] Indeed, the techniques and objects described herein provide users the functionality and

the ability to more flexibly modify content of objects or items, and to more flexibly manage the

distribution and the timing of the modifications within the process plant or process control

system. For example, users may be able to create instances and usages of objects, create copies

of objects, create derived items from objects, modify internal items (e.g., usages and instances)

to add additional structure, modify internal items included in objects and in usages and instances

(e.g., parameter and property values), hide or disable selected internal items, link and unlink

objects, and/or control propagation and distribution of changes to items or objects.

[0147] Example Scenarios:

[0148] Next, several example scenarios are provided to illustrate the features, capabilities and

operations of flexible configuration in process plants or process control systems. These example

scenarios may be implemented by any one or more portions of the techniques illustrated by any

of FIGS. 1-7, or combinations thereof. These example scenarios are not meant to be limiting, but

are provided herein to illustrate some of the concepts, advantages and usages of the techniques,

systems and methods described herein. Additionally, these scenarios are not an exhaustive set of



possible scenarios. Further, although these example scenarios generally refer to a library item or

object, the scenarios may be easily applied to other items and objects within the process plant or

process control system, such as system configuration objects, graphic and display objects,

instance objects, process element objects, class objects, and the like.

[0149] In a first example scenario illustrated in FIG. 8, a user performs tasks or executes one

or more commands to create, change or modify a library item or object 1000. In an embodiment,

the commands are received at a configuration system, e.g., via a workstation 14 or other user

interface. When the user creates or edits the library item or object 1000 and saves it, a draft 1002

of the item is stored. The user may make additional edits to the draft 1002. At some point, the

user approves of the changes and publishes 1005 the item. The publication 1005 results in a new

edition 1008 of the library item 1000, as the library item 1000 in this first example scenario does

not have any children. The new edition 1008 is available for instantiation into a runtime

environment of the process plant or process control environment.

[0150] In a second example scenario illustrated in FIG. 9, a library item 1010 may have a

child item or object 1012, e.g., the library item 1010 is linked to another library item or to a

system configuration item 1012. In this second scenario, a user makes changes to the library

item 1010 and stores it as a draft modified library item 1013. At some point, the changes to the

draft 1013 are approved, and the user publishes the draft 1013 to generate a current edition of the

library edition 1014 that includes the changes. The user desires to control how the changes to the

library item 1010 are distributed or propagated to its children 1012, e.g., in view of the operating

phase of the process plant, staffing, procedural issues, and/or other concerns. User-managed

distribution may improve operations in process plants (such as in refineries), as changes or

modifications are able to distributed at an optimal time (e.g., proper support teams are in place to

block valves, etc.).

[0151] To accomplish controlled propagation or distribution of the current edition 1014 of

library item 1010, the user sets a policy setting that controls the distribution process for the

library item 1010. In an embodiment, the policy setting may correspond to the library item 1010.

Alternatively, the policy setting may correspond to a usage or child 1012 of the library item

1010. In an embodiment, the policy setting may include two options: automatic 1018 and user-

managed 1015. When the policy is set to automatic 1018, the published, current edition 1014 of



the library item 1010 (or changes included in the published edition 1014) is automatically

distributed 1018 from the library item 1010 to child item 1012. When the policy setting is user-

managed 1015, the user may create a draft 1022 of the current edition 1014. The draft 1022

may, in turn, be published as a new current edition 1025 of the child item 1012.

[0152] As shown in FIG. 10, the new current edition 1025 of the system configuration item

1012 may be instantiated. For example, if the system configuration item 1012 corresponds to a

control or function block, the current edition 1025 may be converted into a download edition

1028, which may be downloaded (e.g., automatically or by user indication) into the

corresponding runtime item 1030 as an executing edition 1032. In another example, if the

system configuration item 1012 corresponds to a graphic element, the current edition of the

graphic element is instantiated at run-time when a display view including the graphical item is

built.

[0153] On the other hand, referring back to FIG. 9, when the distribution policy setting

indicates user-managed 1018, the user may manually propagate or distribute changes made to the

library item 1010 to each of its children items 1012 as desired. Essentially, the current edition

1014 of the library item 1010 is "pulled" from the library for a child item 1012 by a user

command 1018 (which may be explicitly entered by the user or included in a script). In an

example, the user selects a target child item (e.g., a system configuration item 1012), and

requests 1018 that the current edition 1014 of the library item 1010 (or the modifications therein)

be propagated to the target child item 1012. Upon propagation, a draft 1022 of the system

configuration item 1012 is created and stored. The user may or may not make additional edits to

the draft system configuration item 1022. At some desired time, the user publishes the draft

system configuration item 1022, resulting in a new edition 1025 of the system configuration item

1012 that can be instantiated.

[0154] The previous scenarios describe modifications to library items 1000 and 1010.

However, not only library items 1010 are modifiable. FIG. 11 illustrates a scenario in which the

user makes changes directly to a system configuration item 1040 that is not a library template.

The user saves the changes to the configuration item 1040 as a draft 1042, and after the draft

1042 is approved, the user publishes the draft 1042 into a current edition 1045 of the item 1040.

In the example shown in FIG. 11, the user requests a download edition 1048 (e.g., executable) to



be generated, and then subsequently requests that the download edition 1048 of the item 1040 be

transmitted to the runtime item 1050, so that an executing edition 1052 is included in and

executed by the corresponding runtime item 1050.

[0155] Other possible scenarios that illustrate the flexible techniques and objects described

herein include:

[0156] 1. User copies a library item that has multiple editions.

[0157] In this scenario, the distribution policy setting is set to user-managed. A library item

with multiple editions exists in the library.

[0158] The user copies the library item to make a new library item with a different name. The

resulting copy of the library item will have a single edition that matches the current edition of the

original library item. However, the new library item is just a copy, and is unaffected by

subsequent changes to the original library item.

[0159] 2 . User derives a library item from another library item.

[0160] An item (such as a display or faceplate) exists in the library. The item has a single tank

showing one transmitter and two valves, for example.

[0161] The user selects a command to create a draft of a new library item derived from the

first library item. The user then modifies the draft to add a second transmitter, saves the draft,

and publishes the draft as the first edition of the derived library item.

[0162] The user subsequently modifies the original library item to add a third valve, saves the

draft of the original library item, and publishes the draft into an edition. The user then distributes

the edition of the modified, original library item. As a result of the distribution, the derived

library item now contains three valves.

[0163] 3 . User creates an instance of a library item that has multiple editions.

[0164] The distribution setting is set to user-managed, and in this scenario, only one current

edition is available at any time. A user creates a library item, and creates a first instance of the

library item. The user then modifies the original library item, saves the modification as a draft,

and publishes the modified, original library item. The publication results in a new edition of the

original library item.



[0165] Next, the user creates a second instance of the library item. The second instance is

based on the current edition of the library item (e.g., the modified, original library item), but the

first instance is unaffected. That is, the first instance remains based on the original library item

without the modification.

[0166] In an embodiment, when a new instance or usage is created from a library item that has

multiple editions, the new instance or usage refers to the current, available edition of the library

item.

[0167] 4 . User creates a usage of a library item that has multiple editions.

[0168] This scenario is similar to the previous scenario, but involves a usage of a library item

instead of an instance. In this scenario, only one current edition is available at a time. If a new

usage is created from an item that has multiple editions, the new usage is based on the current,

available edition of the library item.

[0169] 5 . User modifies a library item that has a usage.

[0170] In this scenario, a system configuration item is based on a library item. The system

configuration item includes a usage (such as a composite function block usage inside a module)

of the library item. Distribution of changes is set to user-managed.

[0171] The user changes the library item on which the system configuration item is based, and

observes that the library item now has a visual indicator (such as a stacked icon) to show that

there are multiple editions of the library item. The user opens a references view on the library

item, and sees that there is a usage (the composite function block usage in the module) that is not

using the new (now current) edition of the library item, e.g., as included in the system

configuration item.

[0172] 6 . User modifies a library item that has a usage in another library item.

[0173] This scenario is similar to the previous scenario, but the usage is included in another

library item rather than in a system configuration item. In this scenario, the distribution policy

only controls distribution to system configuration items, and remains set to user-managed. A

change to a library item is automatically distributed to usages inside other library items,

regardless of the policy setting. That is, distribution to library items is defaulted to "automatic"

and is not able to be modified. Distribution is recursive if the affected library items are



themselves used by other library items; new editions are created for all library items that have

been affected by a change to another library item.

[0174] In some embodiments, modifiable policy settings are available for library items, and

different, modifiable policy settings are available for non-library items such as configuration

items.

[0175] 7 . User modifies a library item that has an instance.

[0176] In this scenario, an instance (such as a module instance) of a library item is stored as a

system configuration item. Distribution is set to user-managed.

[0177] The user changes the library item, and observes that the library item now has a visual

indicator (such as a stacked icon) to show that there are multiple editions. The user opens a

references view on the library item, and sees that there is a system configuration instance that is

not using the new (now current) edition of the library item.

[0178] 8. User modifies a library item that has a derived library item.

[0179] In this scenario, a parent library item is used by a derived library item that is in turn

used by a system configuration item. Distribution to system configuration items is set to user-

managed, and distribution to library items is not modifiable and is defaulted to automatic.

[0180] The user modifies the parent library item. As the library item distribution setting is

automatic, the derived library item is automatically updated. However, the system configuration

item based on the derived library is not updated, as the distribution setting to configuration items

is set to user-managed. As such, the system configuration item continues to use the previous

edition of the derived library item. The user can see this by opening the references view on the

parent library item, and observing that the derived library item is using the current edition of the

parent library item, but the system configuration item is not.

[0181] 9 . User updates a usage in the context of the library item.

[0182] Building on the previous scenario, the users sees a stacked icon corresponding to the

library item, indicating that not all instances of the library item have been updated. Distribution

to system configuration items is set to user-managed.



[0183] The user opens the references view on the library item, and sees two rows

corresponding to two displays, each using the library item. The user then changes one of the

displays to use the current, updated edition of the library item. When the user opens the display,

the user sees the current, updated edition of the library item, e.g., both the display and any library

item usages show that they are using the current, updated edition.

[0184] Later, the user opens the references view on the second display, and changes the usage

to use the current, updated edition of the library item. The user saves the second display, and the

appearance of the usage indicates that the current, updated edition of the library item is being

used.

[0185] As a result of the user changes, no items linked to the first edition of the library item

exist in the system, so the first edition is automatically deleted by the system. In other

embodiments, the first edition may be set to disabled or inactive.

[0186] Users can multi-select usages that are not current and choose to update them to the

current edition. The indicator on the library item may disappear when all instances are using the

newest edition. In the event that a usage or instance cannot be updated during a multi-select

operation, the usage or instance is skipped and the update proceeds to the next item. At the end

of the update, the user will be shown which items were not successfully updated.

[0187] 10. User updates a library item usage in the context of the library item.

[0188] In an embodiment, changes to a library item are automatically distributed to usages

inside other library items, regardless of system configuration distribution policy settings. In

some embodiments, different library distribution policy settings may be available and modifiable

by a user having permissions to do so.

[0189] 11. User updates an instance in the context of the library item.

[0190] This scenario extends traditional class-based module behavior. A library item exists,

and an instance of the library item is stored as a system configuration item. The instance,

though, is not using the current edition of the library item. Distribution to system configuration

objects is set to user managed.

[0191] The user selects the library item, and opens the references view. The user sees that the

system configuration instance is not using the current edition of the library item, so the user



selects the instance and executes a "make current" command. This command results in a new

draft of the instance which uses the current edition of the library item. The user may then take

steps to edit and/or publish the draft of the system configuration instance.

[0192] 12. User updates derived item in the context of the library item.

[0193] Users are allowed to create library items that are based off of other library items. For

example, a user may create a parent library module without any interlocks, and then may create a

derived library module that has all the capabilities of the parent library module with the addition

of interlocks. Changes to the parent library module's algorithm could flow through to the

derived library module, so the user benefits by having the algorithm defined in one place.

[0194] 13. User updates a usage in the context of the usage.

[0195] In this scenario, the user desires to update usages to use the current edition. For

example, a control module object is stored as a system configuration object, and includes a

function block usage of a single edition composite block with a single input connector. The

single edition composite block is a library item, and distribution to system configuration objects

is set to user-managed. The user modifies the composite block in the library to add another input

connector, creating a new current edition for the library composite block. The user can see a

graphic that indicates the library composite block has multiple editions.

[0196] Next, the user selects the function block usage on a particular control module, and

selects the "make current" command. The usage of the particular control module updates to use

the current edition, and thus shows the additional input connector. If the previous library

composite block edition is not used in the system, the graphic changes to show that the library

composite block no longer has multiple editions.

[0197] 14. User updates library item usage in the context of the library item usage.

[0198] Like derived items, usages (e.g. function block) of library items in other library items

may be defaulted to automatic updates, regardless of the distribution policy setting to

configuration items. However, in the case where a change could not be automatically distributed

to another library item due to some conflict, the user may manually correct the library item

usage.

[0199] 15. User updates an instance in the context of the instance.



[0200] In this scenario, a library module has a single edition, and an instance of the library

module is stored as a system configuration item. Distribution to system configuration items is

set to user-managed. The user modifies the library module and publishes the changes. A graphic

on a display associated with the library module indicates that the library composite block has

multiple editions.

[0201] The user selects the module instance, and selects the "make current" command. A

draft of the instance is created that uses the current, modified edition of the library module. The

user can then publish the draft to create a new current edition of the module instance. If the

previous library module edition is no longer used anywhere in the system, the multiple editions

indicator associated with the library is removed from the display.

[0202] 16. User updates all instances contained in an equipment item.

[0203] This scenario is similar to the previous scenario, except the update is done in the

context of an equipment item, such as an area, cell, or unit. A library module with a single

edition exists, and two instances of the module exist in system configuration under an area.

Distribution to system configuration is set to user-managed. The user modifies the library

module, and a graphic is provided indicating that the library composite block has multiple

editions.

[0204] On a display corresponding to the context (e.g., an area), the area is also marked as

have instances that are not current. Upon expanding the area view, two module instances are

marked as not being current. The user selects the area, and selects the "make current" command.

Drafts of the instances that use the current edition of the library module are crated. The user may

publish the drafts to create new current editions of the module instances, thus causing the "not

current" markings to disappear from the display. If the previous library module edition is no

longer used anywhere in the system, the multiple editions indicator corresponding to the library

module may also disappear from the display.

[0205] 17. User updates a derived item in the context of the derived item.

[0206] The library stores two items, a library display DISP1 and library display DISP2 derived

from DISP1. The user changes DISP1 to add a text field, publishes DISP1, and distributes

DISP1. Accordingly, DISP2 is automatically updated with the text field.



[0207] Similarly, the library stores a library device type VALVE which may have a faceplate

associated with it. The library also stores a library device type DVC that is derived from

VALVE, and includes additional information to the faceplate used by VALVE. In addition, the

library stores an application specific library device type MfctrDVC which in turn adds even more

information to the faceplate for DVC. When the user changes a parameter value for VALVE, the

parameter value is updated in both DVC and MfctrDVC automatically when DVC and

MfctrDVC do not override the parameter value.

[0208] As a follow-on to the above, the user creates an application-specific device type

MfctrDVC-CriticalService by deriving this device type from the MfctrDVC device type. In

doing so, the user overrides one of the parameters. In this follow-on scenario, when the user

changes the same parameter's value in VALVE, the parameter value is updated in DVC and

MfctrDVC automatically because DVC and MfctrDVC do not override the parameter value.

However, the parameter value is not changed in MfctrDVC-CriticalService because the user has

overridden the parameter value.

[0209] As such, in an embodiment, library items that are derived from other items are always

updated when the parent library item changes, regardless of the distribution policy setting for

system configuration items. However, due to conflicts, a current edition of a parent library item

may not be automatically propagated to a derived library item that has structural changes. After

a user corrects the issue, the user may manually update a derived library item.

[0210] 18. User updates a usage that results in a rule violation.

[0211] In this scenario, distribution to system configuration objects is set to automatic.

However, distributing a change made to a library item may not be able to update some or all of

the children system configuration instances if a rule (e.g., a database rule) will be violated. This

discrepancy may not be apparent to the user when saving the library item when distribution is

tied to the later step of publication. In fact, the new edition might already be in use by other

linked items before the discrepancy is discovered. In this situation, the user may edit the library

item to correct the discrepancy, thus producing a new current edition of the library item that is

usable for all instances without rule violations.

[0212] To illustrate, an update to a new edition with a new usage conflicts with the name of a

usage that was added to an instance. For example, the library stores a library module LM with a



usage named USAGE1. System configuration instances MA and MB of library module LM

exist in area AreaA. The user then adds a usage USAGE2 to the instance MA.

[0213] The user adds a usage USAGE2 to the library module LM, publishes the library

module LM, and distributes it. Since the instance MA already has a usage USAGE2, instance

MA is left not current, and a "not current" indicator corresponding to instance MA. Instance

MB, however, has no such usage, and is successfully updated.

[0214] 19. User saves a library item after switching from user-managed to automatic system

configuration distribution.

[0215] In this scenario, a library item is used by multiple displays. One display is using the

current edition, while the other displays are using a previous edition. The user switches from

user-managed to automatic distribution. Changing distribution from user-managed to automatic

distribution does not affect the displays.

[0216] While the system configuration distribution setting is set to automatic, the user

modifies the library item. Consequently, all instances of the library item are updated to use the

current, modified edition. Since all of the system configuration instances are updated, the older

editions of the library item are no longer referenced, and may be automatically deleted. The icon

for the library item changes to indicate only one edition exists.

[0217] 20. User downloads an instance that is not using the current edition of a library item.

[0218] A user may download, to a process element, a system configuration instance that is not

using the current edition of a library item. The download request may result in a download

warning being displayed.

[0219] 2 1. User downloads an object with a usage that is not using the current edition of a

library item.

[0220] A user may download, to a process element, a system configuration instance that does

not include the current edition of a usage of a library item. The download request may result in a

download warning being displayed.

[0221] 22. User imports a file that contains a library item.



[0222] In this scenario, a user imports a file, and a list of items in the file is presented to the

user. The user may select from an import behavior (such as skip, overwrite, etc.) for each item.

[0223] As the above example scenarios illustrate, a user may be able to perform at least the

following actions or commands using the flexible configuration techniques, systems and methods

described herein:

[0224] Edit - Opening and possibly modifying an item or object. Users may open a draft or

an edition.

[0225] Save as Draft - Saving an opened (and possibly modified) item as a draft.

[0226] Test - Running a draft object without downloading or instantiating the draft object.

[0227] Approve - Approving a draft for publication.

[0228] Publish - Taking a draft and turning it into the current edition. Typically, publishing is

performed after approving the draft.

[0229] Generate - Generate a download or runtime edition from a published or current edition.

[0230] Transmit - Transmit an edition to the runtime.

[0231] Download - An embodiment of the Transmit command that sends a download edition

to the runtime. Typically, a download is performed in the context of a system configuration

item.

[0232] Distribute/Propagate/Update - Updating another, linked object with modifications

made to a particular object edition. An update, distribution or propagation of modifications to a

particular object may result in updates of multiple other linked objects, e.g., children objects

and/or a parent object.

[0233] Update from library - Updating (e.g., distributing or propagating) modifications to a

library object edition to child objects derived from the library object. An update or propagation

of a library object may result in updates of multiple levels of linked children. As such, a user

may generate an instance or a derived item use from a current edition of a library item, for

example.

[0234] Delete - Delete an object or item from storage.



[0235] Verify - Checking an item or object for errors. Both drafts and editions can be

verified.

[0236] Differences - Determine differences between various editions of an object or item.

[0237] References - Determine references associated with an item or object.

[0238] In some embodiments, one or more of the above actions or commands may be hidden

or unavailable to an end user. For example, the Generate and Transmit commands may be

combined into the Download command, or a user may not be permitted to Delete an item unless

the user has proper permissions.

[0239] In an embodiment, a user is able to request the flexible configuration system to show

any differences between a draft, a current published edition, and a download edition for an item

or object. For example, a user may request to see the difference between a draft and the current

published edition, a draft and any edition in version control, a draft and the download edition,

two different drafts, two different current editions, a current edition and the download edition,

and other combinations.

[0240] In an embodiment, a user is able to request the configuration system to display all

directly-linked children of a particular object, irrespective of whether or not a directly-linked

child object is using the current edition of the particular object or not. Conversely, in an

embodiment, a user is able to request a view to determine if a child object is using the current

edition of its parent object.

[0241] Packages:

[0242] In some embodiments, the above described techniques of drafts, publishing and

instantiation may be applied to groups of objects. A group or plurality of objects is generally

referred to herein as a "package." In an embodiment, the members of a package are selected by a

user. At least some of the members of a package are provided out-of-the-box (OOB) by a

manufacturer or provider, in some cases.

[0243] For example, an OOB package may include a set of "starter" library items (e.g.,

modules, composites, displays, devices, etc.). A user may select various items from the starter

collection of items to create a process solution, such as a control loop or a process model. If a



user adds customized objects to an OOB package, the user may designate the augmented OOB

package as a package different from the starter package.

[0244] Another example package may include a configuration implementation that is tailored

to solve a specific process problem, e.g., a boiler package or a reactor package. Such packages

typically are used as complete solutions to process control problems and, as such, are referred to

herein as "solution packages." In an embodiment, solution packages include optional

instantiation rules that are applied when a user makes an instance of the package. For example,

when the boiler package is instantiated, a rule can state how all items in the package will be

named according to a naming convention, using string substitution.

[0245] Similar to an item or object, one or more drafts may be created or edited for a current

package. Draft packages may be published into editions, and editions may be selected for

instantiation. In an embodiment, when a user wants to save a new edition of a package, the new

edition may replace the previous edition, or the new edition may be stored concurrently with the

previous edition.

[0246] These techniques of package drafts, package publishing, and package instantiation

provide yet another level of flexibility to the user. In an example (but non-limiting) scenario, a

library package is created and stored as a first draft of the package. For example, the library

package corresponds to a template configuration of a boiler or of a reactor. The first draft of the

package is published and stored as a first edition, and instantiated into the process plant or

system. The first edition is subsequently modified (e.g., to correct issues and/or to add

functionality to the boiler or to the reactor), and is subsequently published as a second edition of

the package. Upon receiving a user indication to instantiate the second edition of the package,

only the items included in the second edition of the package that are updated from the first

version of the package are instantiated. Further, a user may indicate a timing of the instantiation

of various updated items as required by logistical, performance, bandwidth, and/or other

constraints. If the usage of the second edition needs to be terminated for any reason, the first

edition may be re-instantiated into the process plant or system.

[0247] Graphical or Display Items or Objects:

[0248] Turning now to a discussion of flexible graphical or display items or objects, a

"display," as generally referred to herein, is a graphical entity (e.g., most granular entity) that can



be individually opened and viewed by an operator at runtime. Typically, flexible graphical or

display items or objects are configured from other graphical objects, and may be stored in an

object library or in a system configuration data storage entity. Displays may be instantiated by a

downloading a published edition for execution during the process element's runtime, or may be

instantiated in real-time, such as when an operator requests a particular display view to be built.

Types of displays that may be defined by flexible graphical items or objects include, for

example:

[0249] 1) Operation displays: Operation displays generally provide a window into or a

representation of a process while it executes in a process plant. Typically, display views are

configured from GEM and other library and/or system configuration objects, and may be

instantiated on a local or a remote user interface.

[0250] 2) Dashboard displays: Dashboard displays provide key metrics to operators and

plant personnel. Dashboard displays may be configured from library and/or system

configuration objects and instantiated on a local or remote user interface. In some embodiments,

limited capability, features, or graphics included on a dashboard display may be configured and

instantiated at runtime by an operator. Capabilities, features, and graphic elements and shapes

that are included on a dashboard are generally referred to herein as "Gadgets." Generally

speaking, a Gadget is a GEM that has been marked as available at runtime and can be placed on

dashboard displays. As such, as used herein, the term "GEMs" generically refers to both GEMs

that are Gadgets and GEMs that are not Gadgets. Examples of dashboards and Gadgets are

provided in co-pending U.S. Provisional Application No. 61/711,105, filed October 8, 2012 and

entitled "Configurable User Displays in a Process Control System," the entire contents of which

are hereby incorporated by reference.

[0251] 3) Layout displays: Layout displays provide regions or areas on a user interface to

enable a user to organize other displays thereon. With a layout display, a user is able to create an

arrangement of displays on a single monitor screen or across several monitor screens.

[0252] 4) Form displays: Form displays provide a user interface for data entry during

configuration or runtime. Users may utilize form displays to create or modify objects, to enter

configuration or runtime data, to enter values, and to generally manipulate display items and

objects.



[0253] A display typically contains one or more views, each of which is a different visual

representation of the display. Each view of a display may contain shapes (e.g., rectangles,

ellipses, and other shapes) and/or controls (e.g., labels or text boxes), and may have a

corresponding object that is stored in the object library or as in a system configuration data

storage entity. Some shapes, such as a rectangle, textbox or stack panel, may be built-in to and

stored in the configuration system (e.g., are compiled and registered with the system). Other

shapes may be created by the user, and corresponding shape objects may be stored in the object

library or as a system configuration GEM or Gadget.

[0254] As previously discussed, a GEM or a Gadget is a reusable shape that combines one or

more shapes with behaviors. GEMs and Gadgets may be created by a user, published into

editions, and stored in the configuration system as objects, such as in the library or in the system

configuration. GEMs may be linked to other objects, and subsequent changes to the GEM

objects may be propagated to all uses of the GEM in other GEMs and displays, e.g., in a manner

such as previously described. In an embodiment, Out of the Box (OOB) shapes, GEMs, Gadgets

and displays (in some cases, corresponding to a customer' s particular industry) are provided in a

library of a configuration system, for example, as a set of primitive objects or a "starter set" of

objects.

[0255] Like displays, a GEM may contain one or more visual representations or views. Each

of the GEM views includes one or more built-in and/or created shapes. FIG. 12 illustrates three

possible different views of an example Valve GEM, i.e., a vertical view 1060a, a horizontal view

1060b, and an alternate horizontal view 1060c. Views of GEMs can be used to present different

levels of detail, arrangement of shapes, or to present a different focus of information pertaining

to the GEM.

[0256] In addition to relatively static shapes and views, a display, GEM or Gadget may also

contain dynamic behavior to allow the operator to see the process data, navigate through the

process data, or change the process data. Dynamic behavior may include, for example,

animations and event handling, both of which are discussed below.

[0257] Animations map process data from information sources within the process plant to the

various shapes on the display to show the process data in a textual or graphical manner. The

animation result may be applied to a field of a shape (e.g., to a text field or to a visibility field) so



that when a field value of an information source changes, the animation changes. Thus, an

animation allows process data to be manipulated with functions (e.g., mathematical functions) to

transform the raw process data into a meaningful visual presentation. For example, an animation

may be applied to a rectangle shape to show a rectangle's fill percentage for a tanks level, or the

animation may be applied to a text shape to display the fill percentage value textually.

[0258] Event handlers are configured to perform a defined response to event such as a mouse

click, a keyboard operation, and an accelerator key movement. The defined response may be, for

example, navigate to another display, acknowledge alarms, change a process set point, enter data,

and other such actions.

[0259] As a GEM may be included in multiple visual representations or views, the animations

and event handlers associated with the GEM can be created once and re-used in various views to

provide different orientations or representations of the data. As such, the amount of custom code

needed for creating the GEM and for modifying the GEM usage for each of its various views

may be reduced.

[0260] In order to make the GEM reusable across many objects and information sources, the

animations and event handler paths are partially or fully tokenized with placeholders, in an

embodiment. A value of a placeholder value may be provided when configuring specific usages

of the GEMs, or the placeholder value may be set programmatically at runtime. Animations and

event handlers may reference a placeholder so that the value of the placeholder is substituted in

the reference at runtime to resolve a path to the specific object. Additionally, similar to GEMs,

displays may also support placeholders so that a display may be re-usable. Display instances can

be created as part of the configuration or dynamically created at runtime by providing values for

the various placeholder(s).

[0261] In some embodiments, reuse and sharing of information is effected by using global

sets. Global sets allow a configuration designer to configure states and behaviors that is shared

across many unrelated displays and GEMs, e.g., for the lifetime of a client Human Machine

Interface (HMI) session. Items in a global set may be referenced and may be used by any

displays or GEMs, thus allowing reuse and sharing between many items. In an embodiment,

each item in a global set is stored in an object which is linked to an object corresponding to the

global set.



[0262] In some embodiments, reuse and sharing of information is effected by using styles

and/or style sets. A style is a collection of field name and value pairs, and a style set is a

collection of styles. In an embodiment, all shapes support a style. When a shape is added to a

view of a display or GEM by a user, the style field can be set to a desired style of a style set. As

a result, the added shape uses the values defined in the style for each field. Styles and style sets

may be represented in the configuration system by respective objects.

[0263] In some embodiments, named constants allow users flexibility in creating name-value

pairs. For example, fields within a graphic element object are assigned a named constant as a

value, such as TitleFont or TankBodyColor. Name constants allow project standards to be

created and assigned to field values. If the project standards are changed, the named constant

value can be updated in one central location. A named constant may include a name, title,

description, and data type, for example. Any field value may be set to a value or to a named

constant, such as fields on shape usages, animations, converters, tables, global sets and styles.

[0264] Patterns:

[0265] Display objects may relate to one another and to other objects by one or more patterns,

such as a usage pattern or a derived pattern. Additionally or alternatively, configuration objects

may relate to one another and to other objects by one or more patterns. The use of different

types of patterns need not be mutually exclusive. For example, various aspects of several

patterns may be combined.

[0266] A usage pattern is generally a containment or grouping of objects based on definitions.

FIG. 13 illustrates a diagram of an example of a definition usage design pattern. With a usage

pattern, a definition of a graphical object 1062a includes one or more usages 1062b of one or

more other graphical items 1062c. When instantiated, these usages 1062b represent a graphical

shape defined by the graphical object 1062a that is presented on a view of a display. Each usage

1062b may have a definition that includes defaults for internal items such as fields, events, and

behaviors. Such internal items may be configured, in an embodiment.

[0267] The definition usage pattern may be nested multiple levels, if desired. FIG. 14

illustrates a class diagram for an example nested definition usage design pattern. For example, a

Display can contain a GEM, which can contain another GEM or shape.



[0268] FIG. 15 illustrates an example of abstracted nested definition usage. In FIG. 15, the

usage CI (reference 1065a) is based on the definition of the usage Bl (reference 1065b). A user

may modify (e.g., override or tweak) one or more internal items from another usage. For

example, in FIG. 15, a change to the UsageCl (reference 1065c) is a tweak.

[0269] Another pattern by which objects may be related is a derived pattern. A diagram of an

example derived pattern is shown in FIG. 16. The derived pattern allows a definition to be

extended without using aggregation (as in the case of the definition usage pattern discussed

above). In particular, the derived pattern allows the creation of a new definition 1068a without

creating another level in the hierarchy. As such, all internal items in the "based-on" definition

1068a are included in the derived definition 1068b.

[0270] The derived pattern may be nested multiple levels, e.g., a derived definition may be

based on another derived definition, which ultimately may be based-on on a non-derived

definition. Any desired number of nested levels may be possible. FIG. 17 illustrates an example

of a nested derived pattern in which a new definition 1070a is created from a first derived

definition 1070b, which was created from a second derived definition 1070c, which was created

from a non-derived definition (not shown).

[0271] Flexible Items and Objects:

[0272] As previously discussed, objects may be flexibly defined and used in the configuration

system. A flexible object may include one or more internal items, which may in turn be defined

by another object, in an embodiment. A description of flexible items, objects, and internal items

that may be included in the configuration system follows. While these descriptions are presented

in the context of graphical or display objects, the concepts and attributes discussed herein also

apply to configuration objects.

[0273] Fields are internal items that represent states or attributes of a given object. For

example, a rectangle size is stored in a width field and in a height field. Each field may have a

name and value. In an embodiment, additional metadata associated with a field indicates other

attributes of the field, such as whether or not the field can be animated, whether or not the field is

read-only, and a data type of the field. The metadata may be used in configuration of the given

object, for example. A value of a field may be a simple data type such as a string, or may be a



reference to another object, such as a library object, a shape object, or a process element object.

A value of a field may be modified or overridden by a user, in an embodiment.

[0274] Placeholders are generalized internal items that allow defined items to be used across

multiple other objects. For example, for display objects, a placeholder may be a graphic item

that allows animations and event handlers to be generalized and reused across various graphic or

display objects and information source paths. As such, placeholders provide a level of

indirection, and are resolved with a value at runtime. Placeholders may be nested, in some

embodiments.

[0275] Parameters are internal items that represent states or attributes of a field. For example,

for display and graphical objects, a parameter may be a graphic item having a value and a status.

Parameters may be added to graphic items such as GEMs, Gadgets, displays and dashboards,

layouts and forms, Global Sets, etc. Parameters typically are not visible during runtime.

However, parameters may affect a visible aspect of an object during runtime (such as an

animation) by creating expressions that reference the value. A user may add parameters to

objects, but in some embodiments, a user may not be allowed to add parameters to particular

library items or primitive objects.

[0276] Functions are internal items that provide behaviors for a specific object. For example,

with display and graphical objects, a function may be a graphic item or a general behavior that is

provided from a group or a global set. For example, a group visual item may provide an

AddShape() function, or a global set may provide an OpenDisplayO function. Some functions

may built-in and thus may not be modifiable by a user. Other functions may be created by a

user. Functions may be executed during runtime via a programming API or a script, in an

embodiment. Additionally, functions may take one or more arguments, e.g., a constant, a value

of a field, a reference to another object, or a reference to a parameter. A function may return a

value, e.g., a constant, a value of a field, a reference to another object, or a reference to a

parameter, in some instances.

[0277] Animations are internal items that map data from an information source or object to a

field of an internal item. For example, for a display or graphic object, an animation may map

data to a rectangle's FillPercent field or to a Label's Text property. An animation includes an

expression which is reevaluated and/or recalculated when a referenced value of the expression



changes. Additionally, an animation is associated with a target field, e.g., the field on the parent

object that is to be updated with the results of the recalculated expression. As such, at runtime,

when the animation's calculated value changes, the target field is updated with the recalculated

value, thus causing the screen rendering to change. In an embodiment, an animation includes an

update frequency, and may include a converter to transform expression results.

[0278] Converters are internal items that transform an animation's expression result into a

final animation result. For example, the transformation may change the recalculated value

(result) of the expression, the data type or format of the result, both the result and the data type,

or the transformation may perform some other type of conversion on the result of the expression.

Each converter type may include specific fields that can be configured by a user.

[0279] Events are internal items of an object that define an action and a response. The

definition of an event typically includes an event trigger, such as a user click, a mouse move, a

mouse hover, or a data change. Optionally, events are also defined with an event handler which

executes one or more response functions or behaviors when the trigger fires. The event handler

may be configured by the user, may be provided as an OOB behavior on preconfigured

definitions, or may be provided as a built-in behavior on specific shapes. Adding event handlers

for specific events allows the customer to create behaviors based on specific triggers.

[0280] Each event trigger may support one or more specific arguments. Generally, an event

trigger includes a sender argument that indicates the object that fired the event trigger.

Additionally, the event trigger may include optional arguments that are appropriate for the type

of event, such as information that is to be sent upon firing. For example, a mouse click trigger

may have only the sender argument, whereas a mouse-move trigger may have a sender argument

and mouse location coordinates (e.g. X, Y) which are to be sent when the mouse-move trigger is

fired. In some cases, events are not fired based on user action but are fired when an object's

field value or system state changes, e.g., from initialization to steady-state.

[0281] In some embodiments, an event handler is configured for an event trigger. In these

embodiments, the event handler is called when the event trigger fires, and executes one or more

functions in response to the trigger firing. In an embodiment, a user defines an event handler to

include custom behavior or logic to be executed along with available functions (e.g., functions

available to the display, the window, or a global set).



[0282] Tables are internal items that include one or more data structures with input values and

output results. A table may be used with a table converter to transform the input value from one

data type to another, in an embodiment. For example, for a graphic object, table usage may

include converting a process value into a color, or converting a process value into a string. As

such, a table provides a non-programmatic way to configure results for a range of input values.

Tables may operate on an exact match of an input value or on a range of input values.

[0283] Shape objects are basic generalized visual building blocks that can be combined

together to create visual representations of complex and specialized visual items, such as GEMs

and Displays. Some shape objects may be built-in (e.g., have executables installed OOB with

the configuration system), and are referred to herein as primitive shapes. Primitive shapes may

belong to one of several categories such as geometric shapes (e.g., Rectangle, Line, Ellipse),

containers in which other shapes can arranged (e.g., Group, Panels, Grids), or controls (e.g.,

TextBox, Dropdown combo box or Batch List Control, Trends).

[0284] Each shape (whether primitive or not) has a definition. The definition may include, for

example, one or more fields, animations, events with event triggers, handlers, and/or connection

points. In an embodiment, a shape may support a style field. Typically, most shapes are

configurable and modifiable. For example, a rectangle is provided as a built-in of the

configuration system, and a user may modify the rectangle object by setting field values and

adding events or animations to the rectangle usage. The user may then save the modified

rectangle shape as a new object, and may publish it after approval.

[0285] FIG. 18 illustrates an example of a shape usage Rect 1 (reference 1075) created based

on a rectangle's definition 1078. The user has modified the values of the Width 1080a and

Height 1080b fields from the rectangle definition's default values. Additionally, the user has

added an animation 1082a that targets the width field, and has added a range converter 1082b to

scale the value appropriately. The user has also added an event handler 1085a on the usage 1075

for the click event 1085b, and the event handler has been configured to call the OpenDisplayO

function. In an embodiment, only the fields that are specifically overridden (e.g., 1080a, 1080b)

are persisted. That is, the shape usage 1075 links back to the definition 1078, and any field

whose value has not been overridden comes from the definition 1078 (or the style, in some

cases). For example, if the foreground brush of the rectangle definition 1078 is changed from



Blue to Gray, any usages that do not override the foreground brush (e.g., usage Recti 1075) will

have a Blue foreground brush after the change is propagated from the rectangle definition 1078

edition.

[0286] With regard to geometric shape definitions, a group shape allows several shapes to be

treated as one shape for actions such as visibility, resizing, placement/orientation, and events. As

such, group shapes are copies of multiple shapes that relatively maintain their respective (X, Y)

coordinate orientations. The behavior of the fields and events of a group and how they affect the

fields and events of contained shapes within the group may be configurable. For example, a

dynamo is one type of a group shape.

[0287] A panel shape may be similar to a group shape, but may allow for more specific

control to the rendering of contained shapes (e.g., in size, position, arrangement, etc.). Items

within a panel are generally ordered or docked to a specific area of the panel and, unlike groups,

do not have a relative coordinate setting. Panels give the user the ability to control items when

the exact number of items is not known, and the ability to arrange items visually without having

to move every item individually as the panel or contained window is resized. Panels also

provide behavior when items are added, removed or hidden within the panel by adjusting the

position of other items to remove blank space and avoid overlap.

[0288] A connector usage represents a physical linking element in the process plant, such as a

wire, pipe, duct or conveyor. During configuration, a connection point denotes an indication of a

connection of the connection usage to a shape usage. The connector usage allows the connector

to track and reroute and resize when the shape usage is moved during configuration. In

particular, the connector follows and routes according to its defined algorithm and settings. As

such, connectors are shapes that link other display objects together on displays, and are defined

by respective properties and behaviors. When placed on a display and connected, a connector is

able to route around different shape usages. A configuration user can modify the placement or

routing of the connector, define default visuals, and/or modify connection points of a connector

usage.

[0289] Layers are another type of display object can be used at configuration time to organize

and improve a user' s editing experience by hiding and locking shapes that may interfere with a

current task or may prevent inadvertent modification of shape usages. Layers provide a way to



organize the shape usages to aid in the configuration of a display definition and/or a GEM view

definition. Layers can also be used to organize shapes to provide a runtime features such as

showing and hiding details like a help, maintenance or diagnostics layer.

[0290] In particular, views may have one or more layers. Shapes within a view may be

associated to a particular layer (e.g., the shape object and the layer object may be linked). A

particular layer can be designated as configuration only, or both configuration and runtime. A

layer can be visible or hidden. The layer can be locked and unlocked to prevent inadvertent

selection or modification. When the layer's visibility is changed, a value may recursively

propagate to all layers that match by name on the contained GEM usages. For example, the

visibility on the "Help" layer applies to any GEM usages that are associated to the Help layer.

[0291] User Created Items and Objects:

[0292] At least some of the above-discussed flexible objects may be created by a user, such as:

[0293] Displays- e.g., a visual item that can be opened at runtime by users. A display

typically represents a view of the operating process or provides detail about a specific area of the

process.

[0294] GEMs and Gadgets- e.g., a configured shape that represents a process element or

other entity within the process and may be included (e.g., placed) on displays or other GEMs.

For example, a device, control module, dynamo, display view or other process element may be

represented by a GEM. GEMs may be configured to be reusable so as to represent different

instances of the same type of equipment or part of the process within the plant or process. As

such, a GEM may be configured and tested once but used numerous times in other GEMs and

Displays. Typically, a GEM includes a name, title, description, a selected view and other fields

such as tables, events, parameters and functions. GEMs can be nested in other GEMs or within

Displays, for example. Typically, a GEM has one or more view definitions which provide one or

more corresponding visual representations of the GEM. A default view may be provided for a

GEM, and in some embodiments, the user may be able to change the default view. Indeed, the

user may be able to change any of the fields defined by a GEM.



[0295] A Gadget is a GEM that is available at runtime and can be placed on dashboard

displays, in an embodiment. An operator may be able to create and modify Gadgets during ru n

time, for example.

[0296] A GEM definition may be derived from another GEM definition. When a GEM

derives from another GEM, the derived GEM includes all the views from the based-on GEM. A

user may modify these views of or add additional views to the derived GEM. The additional

views may be independent, may be derived from an existing view defined in the present GEM

definition, or may be created from the based-upon GEM definition.

[0297] When GEMs are placed in a display's view or another GEM's view, the placed GEMs

become shape usages (similar to adding a built-in shape usage such as a rectangle or group), in

an embodiment. The placed GEMs, however, remains linked back to their respective definition,

and changes to the usages are propagated based upon propagation settings and strategies.

[0298] Modifying a GEM usage (e.g., resizing) is similar to modifying a group usage, in an

embodiment. Additionally, a GEM or Gadget may be configured by using a standardized or

partially standardized form that is presented to a configuration designer.

[0299] Views - e.g., a visual representation within a Display or GEM. Each display or GEM

may have one or more defined views. Visual or graphical items (e.g., shapes and other GEMs)

may be added to a view definition. A view may be independent, or may be derived from another

view within the same parent definition or base parent definition.

[0300] Independent view definitions typically define their entire content and information, such

as shapes, statically configured field values, animations, and event handlers. As such,

independent view definitions are not based on any other view definition within the containing

display or GEM definition. A display or GEM definition, however, may have multiple views

that are independent and do not derive from a common view.

[0301] Derived view definitions, on the other hand, typically are based on another view

definition within the same container definition. When the container definition is derived, a view

definition can be derived from a view of the based-on definition of the container definition. For

example if Display A defines ViewA and ViewB. If DisplayB is derived from DisplayA then



DisplayB, will by default, have ViewA and ViewB but may also define a ViewC as derived from

ViewB.

[0302] A view definition may include a set of known fields that the user may configure or to

which the user may add animations targeting these fields. The view definition may also include

one or more events with known triggers to which a user may add event handlers. Additionally, a

particular view definition includes shape usages, e.g., all usages from the based-on view, as well

as any shape usages added to this particular view definition. Views may provide a namespace so

that items within the view definition are uniquely named.

[0303] Global Sets - e.g., a configured item that holds state (e.g., values) and behavior (e.g.

functions) that can be referenced from unrelated displays, Gadgets and GEMs. Generally, global

sets do not have any visual representation at runtime, but are available at runtime. A Global Set

may be marked as singleton, or a Global Set may correspond to an instance or a group of objects.

As such, global sets provide a way to share and reuse information between many objects.

[0304] Styles and Style Sets - e.g., a collection of field names and values (e.g., field/value

pairs) that may be changed in one place and applied across a set of shape usages or other visual

items to maintain consistency. A style set is a collection of styles, and typically includes a name,

title, description and possibly other fields. In an embodiment, when a shape has a style set, the

values for the fields in the style apply to the shape if the field has not been overridden and is not

animated. Style sets may be editionable and versionable.

[0305] Thus, as discussed above, the configuration system supports a robust set of visual or

graphic items, each of which is defined by a respective object. The set of visual or graphic items

may include, for example, one or more display definitions, dashboards, layouts, GEM

definitions, Gadget definitions, Global Sets, built-in shape definitions, group definitions, view

definitions, shape usages, group usages, dynamos, GEM usages, Gadget usages, chrome usages,

region usages, panel usages, connection points, connectors, animations, converters, event

triggers, event handlers, place holders, parameters, functions, tables, name sets, styles, and/or

style sets. At least a portion of the set of visual or graphic items may be created or modified by a

user.

[0306] Furthermore, the object defining each visual or graphic item may include, for example,

one or more internal items such as fields, event triggers, functions, view definitions, event



handlers, animations, placeholders, parameters, tables, name sets, converters, usages of build-in

shape(s), usages of GEM(s), usages of Gadget(s), chrome usages, region usages, group usages,

dynamos, panel usages, connection points, connectors, global sets, style sets, and/or styles. Each

of the internal items defined in the object of the visual or graphic item may be built-in to the

configuration system, added by a user, configured by a definition, or a reference to another item.

[0307] Changes, Modifications and Tweaks:

[0308] As previously discussed, a user may change, modify or tweak the content of an object

definition. That is, a user may change one or more internal items of an object while maintaining

a link to its respective based-upon definition. These changes, modifications or tweaks may

include, for example, an addition, a deletion, and/or a modification to the contents (e.g., a field or

other internal item) of the object. Furthermore, these changes, when published into editions,

generally take precedence over the based-upon definition of the object, and may allow future

changes from the modified definition to be applied as new editions are propagated. For example,

if an item contained in definition (e.g. a GEM) is modified and tweaked in a usage or derived

view, the tweak takes precedence. However, tweaks to a usage or derived definition are lost if

the item is deleted out of the based-upon definition. For example, an item contained in a based-

upon definition (e.g. a GEM) is deleted, but was previously tweaked in a usage or derived

definition. In this example, the tweak is lost. Furthermore, if an item contained in a based-upon

definition (e.g. a GEM) is modified but has been deleted in a usage or derived definition the

change to the based-upon definition is not propagated to the usage or derived definition.

[0309] In an embodiment, tweaks on a specific child object or usage may be pushed back into

the based-upon definition, in an embodiment. In an example, the based-upon definition is

updated to a new edition that includes the tweaks made to the child, and the tweaks are removed

from the child.

[0310] FIGS. 19-21 illustrate examples of modifications or tweaks that may be made to

various visual items and objects. In particular, FIG. 19 illustrates an example of a field value

override tweak applied to a usage pattern. In FIG. 19, the width field value 1090a and the height

field value 1090b are overridden.

[0311] FIG. 20 illustrates an example of a field value override tweak applied to a derived

pattern. In FIG. 20, the width field value 1092a and the height field value 1092b are overridden.



[0312] FIG. 2 1 illustrates an example of multiple modifications or tweaks to an object at

multiple levels. In particular, FIG. 2 1 illustrates how a tweak applied to a lower definition

becoming a default value for a next level (e.g., references 1095a- 1095c), how a value may be

overridden at multiple levels (e.g., references 1098a, 1098b), and how an override on an

outermost definition takes precedence (e.g., reference 1100).

[0313] As illustrated in FIGS. 19-21, tweaking may be performed on usage patterns and

derived patterns, in an embodiment. Furthermore, tweaks or modifications may be made to

configuration items or objects, and/or to visual or graphic items or objects. For example, the set

of visual or graphic items that may be tweaked may include, for example, one or more display

definitions, dashboards, layouts, GEM definitions, Gadget definitions, Global Sets, built-in shape

definitions, group definitions, view definitions, shape usages, group usages, dynamos, GEM

usages, Gadget usages, chrome usages, region usages, panel usages, connection points,

connectors, animations, converters, event triggers, event handlers, place holders, parameters,

functions, tables, name sets, styles, and/or style sets. Further, tweaks may be performed on one

or more objects included in other object definitions, such as fields, event triggers, functions, view

definitions, event handlers, animations, placeholders, parameters, tables, name sets, converters,

usages of build-in shape(s), usages of GEM(s), usages of Gadget(s), chrome usages, region

usages, group usages, dynamos, panel usages, connection points, connectors, global sets, style

sets, and/or styles.

[0314] When implemented, any of the methods and techniques described herein or portions

thereof may be performed by executing software stored in one or more non-transitory, tangible,

computer readable storage media or memories such as magnetic disks, laser disks, optical discs,

semiconductor memories, other memory devices, or other storage media, in a RAM or ROM of a

computer or processor, etc. In an embodiment, any of the methods and techniques described

herein or portions thereof may be performed by a configurator or a flexible configurator (e.g.,

one or more configuration applications or other suitable applications). The configurator may be

communicatively coupled to a data storage device and to one or more configurable elements

included in the process plant or process control system. The configurator may include computer-

executable instructions stored on one or more tangible, non-transitory memories or computer-

readable storage media, where the computer-executable instructions may be executable to

perform any of the methods and techniques described herein or portions thereof.



[0315] Although the forgoing text sets forth a detailed description of numerous different

embodiments, it should be understood that the scope of the patent is defined by the words of the

claims set forth at the end of this patent and their equivalents. The detailed description is to be

construed as exemplary only and does not describe every possible embodiment because

describing every possible embodiment would be impractical, if not impossible. Numerous

alternative embodiments could be implemented, using either current technology or technology

developed after the filing date of this patent, which would still fall within the scope of the claims

and all equivalents thereof. By way of example, and not limitation, the disclosure herein

contemplates at least the following aspects:

[0316] A method of configuring a process plant, comprising:

[0317] receiving a first user input indicative of a modification to a current process element

object for a specific element of the process plant, the specific element corresponding to one or

more processes controlled in the process plant;

[0318] modifying, based on the first user input, the current process element object to generate

a modified process element object for the specific element;

[0319] delaying an instantiation of the modified process element object until a specified time

indicated by a second user input;

[0320] at the specified time, causing the instantiation of the modified process element object

so that the specific element operates during run-time according to the modified process element

object to provide control or display functions pertaining to the one or more processes controlled

in the process plant.

[0321] The method of the previous aspect, wherein:

[0322] receiving the first user input indicative of the modification to the current process

element object comprises receiving a user input indicative of a modification to a current instance

object from which a set of current process element objects are created, the set of current process

element objects including the current process element object for the specific element, and the

current instance object created from a class object; and

[0323] the method further comprises modifying, based on the user input indicative of the

modification to the current instance object, the current instance object to generate a modified



instance object, and modifying the set of current process element objects based on the modified

instance object.

[0324] The method of any of the previous aspects, wherein:

[0325] the current instance object is a first current instance object,

[0326] the modified instance object is a first modified instance object, and

[0327] the method further comprises modifying, based on the user input indicative of the

modification to the first current instance object, a second current instance object to generate a

second modified instance object, the second current instance object created from the class object.

[0328] The method of any of the previous aspects, wherein the second current instance object

is based on the first current instance object.

[0329] The method of any of the previous aspects, wherein:

[0330] the specified time is a first specified time;

[0331] the set of current process control element objects is a first set of current process control

element objects; and

[0332] the method further comprises:

[0333] causing instantiation of the first set of current process control element objects at the

first specified time, and

[0334] causing instantiation of a second set of current process control element objects

corresponding to the second modified instance object at a second specified time different from

the first specified time.

[0335] The method of any of the previous aspects, wherein at least one of:

[0336] the first current instance object is indicated by a user,

[0337] the second current instance object is indicated by the user,

[0338] the first specified time is indicated by the user, or

[0339] the second specified time is indicated by the user.



[0340] The method of any of the previous aspects, further comprising maintaining another

current process element object including not modifying the another current process element

object based on the user input indicative of the modification to the current instance object, the

another current process element object based on the class object and excluded from the set of

current process element objects corresponding to the current instance object.

[0341] The method of any of the previous aspects, further comprising propagating the

modification to the current instance object to the class object.

[0342] The method of any of the previous aspects, wherein receiving the first user input

indicative of the modification to the current process element object comprises receiving a user

input indicative of a modification to a class object on which the current process element object is

based.

[0343] The method of any of the previous aspects, wherein:

[0344] the current process element object is a first current process element object,

[0345] the modified process element object is a first modified process element object, and

[0346] the method further comprises modifying, based on the first user input, a second current

process element object to generate a second modified process element object, the second current

process element object based on the class object.

[0347] The method of any of the previous aspects, wherein the specified time is a first

specified time, and the method further comprises causing an instantiation of the second modified

process element object at a second specified time different from the first specified time.

[0348] The method of any of the previous aspects,

[0349] wherein at least one of the first current process element object is created from a first

instance object, or the second current process element object is created from a second instance

object, and

[0350] wherein the first instance object and the second instance object are created from the

class object.

[0351] The method of any of the previous aspects, wherein:

[0352] the current process element object is a first current process element object,



[0353] the modified process element object is a first modified process element object, and

[0354] the method further comprises not modifying, based on the first user input, a second

current process element object, the second current process element object based on the class

object.

[0355] The method of any of the previous aspects, wherein the second current process element

object is indicated by a user.

[0356] The method of any of the previous aspects, wherein receiving the first user input

indicative of the modification to the current process element object comprises at least one of:

[0357] adding to a content of the current process element object,

[0358] deleting at least a first part of the content of the current process element object,

[0359] disabling the at least the first part of the content of the current process element object

or at least a second part of the content of the current process element object,

[0360] enabling a disabled content of the current process element object,

[0361] changing a value included in the current process element object,

[0362] changing a reference included in the current process element object,

[0363] renaming the current process element object, or

[0364] resolving a reference included in the current process element object.

[0365] The method of any of the previous aspects, wherein receiving the first user input

indicative of the modification to the current process element object for the specific element

comprises receiving the first user input indicative of the modification to the current process

element object for one of a control module or a display module.

[0366] The method of any of the previous aspects,

[0367] further comprising:

[0368] storing the modified process element object as a draft modified process element object,

and

[0369] receiving a user indication to publish the draft modified process element object to

generate a published modified process element object; and



[0370] wherein causing the instantiation of the modified process element object comprises

causing instantiation of the published modified process element object.

[0371] The method of any of the previous aspects, wherein the modified process element

object is a first modified process element object, and the method further comprises:

[0372] receiving a third user input indicative of another modification to one of the current

process element object or the first modified process element object, and

[0373] modifying the one of the current process element object or the first modified process

element object according to the third user input to generate a second modified process element

object.

[0374] The method of any of the previous aspects, wherein:

[0375] storing the modified process element object as the draft modified process element

object comprises storing the first modified process element object as a first draft modified

process element object, and

[0376] the method further comprises storing the second modified process element object as a

second draft modified process element object.

[0377] The method of any of the previous aspects, wherein receiving the user indication to

publish the draft modified process element object comprises wherein receiving the user

indication to publish a selected draft modified process element object.

[0378] The method of any of the previous aspects, further comprising:

[0379] receiving a user request to compare at least two of: the current process element object,

the draft modified process element object, and the published modified process element object;

and

[0380] displaying a comparison corresponding to the user request at a user interface.

[0381] The method of any of the previous aspects, further comprising:

[0382] receiving an indication of a selection of a set of objects to be included in a draft

package;

[0383] storing an indication of the draft package; and



[0384] receiving a user indication to publish the draft package to generate a published

package; and

[0385] causing instantiation of a set of process element objects corresponding to the objects

included in published package.

[0386] The method of any of the previous aspects, wherein set of objects includes at least one

of a class object, an instance object, a library object, or a process element object.

[0387] The method of any of the previous aspects, wherein:

[0388] the draft package is a first draft package;

[0389] the method further comprises:

[0390] receiving a third user input indicative of a modification to the first draft package, and

[0391] modifying the first draft package according to the third user input; and

[0392] storing the modified first draft package as a second draft package; and

[0393] wherein receiving the user indication to publish the draft package to generate the

published package comprises receiving a user indication to publish a selected draft package to

generate the published package.

[0394] A method of configuring a process plant, comprising:

[0395] receiving a user input indicative of a modification to a current class object

corresponding to one or more processes controlled in the process plant;

[0396] propagating the modification to each current object of a first subset of a set of current

objects created from the class object to create a first subset of modified objects;

[0397] not propagating the modification to a second subset of the set of current objects created

from the class object;

[0398] causing instantiation of a first set of modified process element objects corresponding to

the first subset of modified objects so that a respective first set of process elements operates at

run-time according to the first set of modified process element objects to provide control or

display functions pertaining to the one or more processes controlled in the process plant; and



[0399] maintaining an instantiation of a second set of current process element objects

corresponding to the second subset of current objects so that a respective second set of process

elements operates at run-time according to the second subset of current objects to provide control

or display functions pertaining to the one or more processes controlled in the process plant.

[0400] The method of any of the previous aspects, further comprising receiving at least one of

an indication of a user selection of the first subset of current objects or a user selection of the

second subset of current objects.

[0401] The method of any of the previous aspects, wherein at least one of:

[0402] the first subset of current objects includes a first current instance object created from

the current class object,

[0403] the second subset of current objects includes a second current instance object created

from the current class object,

[0404] the first subset of current objects includes a first current process element object having

a definition based on the current class object, or

[0405] the second subset of current objects includes a second current process element object

having a definition based on the current class object.

[0406] The method of any of the previous aspects, further comprising maintaining an

indication of the modification.

[0407] The method of any of the previous aspects, wherein receiving the user input indicative

of the modification to the current class object comprises at least one of:

[0408] adding to a content of the current class object,

[0409] deleting at least a first part of the content of the current class object,

[0410] disabling the at least the first part of the content of the current class object or at least a

second part of the content of the current class object,

[0411] enabling a disabled content of the current class object,

[0412] changing a value included in the current class object,

[0413] changing a reference included in the current class object,



[0414] a re-naming of the current class object, or

[0415] resolving a reference included in the current class object.

[0416] The method of any of the previous aspects, further comprising propagating the

modification to each current object of a third subset of the set of current objects created from the

class object to create a third subset of modified objects. In an embodiment, the each current

object including the propagated modification may be re-named.

[0417] The method of any of the previous aspects, wherein the user input is a first user input,

and wherein the method further comprises delaying the instantiation of the first set of modified

process element objects until a specified time indicated by a second user input.

[0418] The method of any of the previous aspects, wherein the specified time is a first

specified time, and the method further comprises delaying the instantiation of a third set of

modified process element objects corresponding to the third subset of the set of current objects

until a second specified time different from the first specified time.

[0419] The method of any of the previous aspects, wherein the respective first set of process

elements includes at least one of a display module or a control module.

[0420] A method of configuring a process plant, comprising:

[0421] receiving a user input indicative of a modification to a current instance object created

from a class object corresponding to one or more processes controlled in the process plant;

[0422] modifying, based on the user input, the current instance object to generate a modified

instance object;

[0423] modifying, based on the modified instance object, a first set of current process element

objects created from the current instance object to generate a first set of modified process

element objects;

[0424] causing the instantiation of the first set of modified process element objects so that a

respective first set of process elements operate during run-time according to the first set of

modified process element objects to provide control or display functions pertaining to the one or

more processes controlled in the process plant;



[0425] propagating, to a set of other objects, the modification to generate a set of modified

other objects, the set of other objects based on the class object; and

[0426] causing instantiation of a second set of modified process element objects

corresponding to the set of modified other objects so that a respective second set of process

elements operate during run-time according to the second set of modified process element

objects to provide control or display functions pertaining to the one or more processes controlled

in the process plant.

[0427] The method of any of the previous aspects, wherein the current instance object is a first

current instance object, and wherein propagating the modification to the set of other objects

comprises propagating the modification to a second current instance object created from the class

object.

[0428] The method of any of the previous aspects, further comprising not propagating the

modification to a third current instance object created from the class object.

[0429] The method of any of the previous aspects, wherein propagating the modification to the

set of other objects comprises propagating the modification to the class object.

[0430] The method of any of the previous aspects, further comprising maintaining an

indication of the modification.

[0431] The method of any of the previous aspects, further comprising not modifying, based on

the modified class object, a third set of current process element objects, the third set of current

process element objects based on the class object and indicated by a user.

[0432] The method of any of the previous aspects, wherein propagating the modification to the

set of other objects comprises propagating the modification to another object created based on

the current instance object.

[0433] The method of any of the previous aspects, wherein the another object is one of another

instance object or a process element object created from the current instance object.

[0434] The method of any of the previous aspects, further comprising receiving an indication

of a user selection of the set of other objects.



[0435] The method of any of the previous aspects, further comprising not modifying, based on

the modified instance object, a third set of current process element objects, the third set of

current process element objects based on the current instance object and indicated by a user.

[0436] The method of any of the previous aspects, wherein the user input is a first user input,

and wherein the method further comprises delaying the instantiation of the first set of modified

process element objects until a specified time indicated by a second user input.

[0437] The method of any of the previous aspects, wherein the specified time is a first

specified time, and the method further comprises delaying the instantiation of the second set of

modified process element objects until a second specified time different from the first specified

time.

[0438] The method of any of the previous aspects, wherein receiving the user input indicative

of the modification to the current instance object comprises at least one of:

[0439] adding to a content of the current instance object,

[0440] deleting at least a first part of the content of the current instance object,

[0441] disabling the at least the first part of the content of the current instance object or at

least a second part of the content of the current instance object,

[0442] enabling a disabled content of the current instance object,

[0443] changing a value included in the current instance object,

[0444] changing a reference included in the current instance object,

[0445] re-naming the current instance object, or

[0446] resolving a reference included in the current instance object.

[0447] The method of any of the previous aspects, wherein the respective first set of process

elements includes at least one of a control module or a display module.

[0448] The method of any of the previous aspects, further comprising re-naming any modified

objects.

[0449] A method of configuring a process plant, comprising:



[0450] receiving a user input indicative of a modification to a current process element object

for a specific element of the process plant, the specific element corresponding to one or more

processes controlled in the process plant;

[0451] modifying, based on the user input, the current process element object to generate a

modified process element object for the specific element;

[0452] storing the modified process element object as a draft modified process element object;

[0453] receiving a user indication to publish the draft modified process element object to

generate a published modified process element object; and

[0454] causing an instantiation of the published modified process element so that the specific

element operates during run-time according to the published modified process element object to

provide control or display functions pertaining to the one or more processes controlled in the

process plant.

[0455] The method of any of the previous aspects, wherein the user input is a first user input

and the modified process element object is a first modified process element object, and the

method further comprises:

[0456] receiving a second user input indicative of another modification to one of the current

process element object or the first modified process element object, and

[0457] modifying the one of the current process element object or the first modified process

element object according to the second user input to generate a second modified process element

object.

[0458] The method of any of the previous aspects, wherein:

[0459] storing the modified process element object as the draft modified process element

object comprises storing the first modified process element object as a first draft modified

process element object, and

[0460] the method further comprises storing the second modified process element object as a

second draft modified process element object.



[0461] The method of any of the previous aspects, wherein receiving the user indication to

publish the draft modified process element object comprises wherein receiving the user

indication to publish a selected draft modified process element object.

[0462] The method of any of the previous aspects, further comprising:

[0463] receiving a user request to compare at least two of: the current process element object,

the draft modified process element object, and the published modified process element object;

and

[0464] displaying a comparison corresponding to the user request at a user interface.

[0465] The method of any of the previous aspects, further comprising:

[0466] storing a plurality of draft modified objects of the process plant as a draft package, the

plurality of draft modified objects including the draft modified process element object;

[0467] receiving a user indication to publish the draft package to generate a published

package;

[0468] publishing the at least the subset of the plurality of draft modified objects to generate a

set of published modified objects included in the published package; and

[0469] causing instantiation of the set of published modified objects so that process element

objects corresponding to the set of published modified objects operate during run-time according

to the set of published modified objects to provide control or display functions pertaining to the

one or more processes controlled in the process plant.

[0470] The method of any of the previous aspects, wherein storing the plurality of draft

modified objects comprises storing the plurality of draft modified objects including at least one

of: a draft class object or a draft instance object created from the draft class object or from

another class object.

[0471] The method of any of the previous aspects, further comprising receiving an indication

of a selection of the plurality of draft modified objects.

[0472] The method of any of the previous aspects, wherein:

[0473] the draft package is a first draft package;



[0474] the method further comprises:

[0475] receiving another user input indicative of a modification to the first draft package, and

[0476] modifying the first draft package according to the another user input; and

[0477] storing the modified first draft package as a second draft package; and

[0478] wherein receiving the user indication to publish the draft package to generate the

published package comprises receiving a user indication to publish a selected draft package to

generate the published package.

[0479] The method of any of the previous aspects, wherein receiving the user input indicative

of the modification to the current process element object includes one of:

[0480] receiving a user input indicating a modification to a current instance object on which

the current process element object is based, or

[0481] receiving a user input indicating a modification to a current class object on which the

current process element object is based.

[0482] An apparatus configured to perform any of the preceding methods or any combination

of the preceding methods.

[0483] Therefore, in view of the forgoing, the techniques, systems, methods, apparatuses and

devices discussed herein allow changes to module classes and other parent objects to be

integrated into a process plant or process control system to change its operations and/or behavior

in a controlled manner over time so that real-time operations in portions of the process plant or

process control system (or, in some cases, in the entire the plant or system) are not adversely

affected. Additionally, as changes may be incrementally applied or phased to process elements

of the process plant or system (e.g., instead of waiting until a time that is suitable for all process

elements corresponding to children objects of the changed parent object to be updated), the

occurrence of unnecessary delays in the application of changes to portions of the process plant or

process control system (or, in some cases, the entire the plant or system) are decreased, thus

increasing the overall efficiency and productivity of the process plant or system over time.

[0484] Furthermore, the techniques, systems, methods, apparatuses and devices discussed

herein allow for approving drafts of modifications or changes to parent objects and/or to children



objects before they are applied to or instantiated in a process element in a run-time environment

of the process plant or control system (whether from a changed parent object or a changed child

object). Thus, the chance of an incomplete or incorrect modification or change being

inadvertently incorporated into the plant or system is significantly decreased, and the accuracy of

the changes that are integrated into the process plant or system is increased, thereby increasing

the quality, efficiency and safety of operations of the process plant or system.

[0485] Moreover, the techniques, systems, methods, apparatuses and devices discussed herein

with respect to graphical elements and displays allow for a process plant or process control

system to be more safely and efficiently monitored, controlled, and/or operated in real-time. In

particular, operators are able to configure, in both a real-time or run-time operating environment

of the plant and in a configuration environment, graphical elements and/or displays specifically

tailored or customized to the specific monitoring, control and/or operation of one or more

portions of the process control system or plant. Additionally or alternatively, one or more of the

graphical elements and/or displays may be specifically tailored or customized for a particular

operator, group of operators, organizational entity, business, or other entity. Operators are able

to save these customized graphical elements and/or displays for general (e.g., plant-wide or

system-wide, real-time or configuration) access, use, re-use, and incorporation. Accordingly, as

configuration of graphic element(s) and/or graphic display(s) is streamlined and customizable in

multiple environments, operator disruptions and errors are decreased, thus enabling the operators

to operate the process plant or system with efficiency and safety.

[0486] Still further, as the graphic element(s) and/or display(s) are customized for specific

purposes of specific portions or entities of the process plant or system, real-time data that is

generated by the specific portions or entities of the process plant or system (e.g., while

controlling one or more processes) and that requires necessary manual and/or automatic

intervention is easily and quickly able to be discerned using the graphic element(s) and/or

display(s). In some cases, the data, configurations, and/or instructions associated with the

intervention and delivered to the process plant or system result in a change to the process plant or

system (e.g., an updated or new configuration to a process element) or to operations thereof. In

some cases, the delivered data, configurations, and/or instructions cause the process plant or

control system to perform an action (e.g., remove a particular process element from operation,

re-route data generated by a source to another source, etc.). Accordingly, as the techniques,



methods and systems described herein allow graphic elements and/or displays to generate more

customized and detailed information (and in particular, with respect to real-time data generated

by the process plant or system), any necessary modifications to the control and/or to the

operations of the one or more portions of the process plant or process control system are more

quickly determined and integrated into the run-time environment of the process plant or control

system. Consequently, with the techniques, methods and systems described herein, the

efficiency and the safety of the process plant or system is further increased.



What is Claimed:

1. A method of flexibly configuring a process plant, comprising:

receiving an indication of a modification to a current parent object corresponding to an

entity of the process plant;

propagating the modification to each current child object of a first subset of a set of

current child objects to create a first subset of modified child objects, wherein:

each current child object included in the set of current child objects is derived

from the current parent object and corresponds to a respective specific element of the

process plant, and

the respective specific element operates according to an instantiation of the each

current child object to provide a function corresponding to one or more processes being

controlled in the process plant;

not propagating the modification to a second subset of the set of current child objects;

causing an instantiation of the first subset of modified current child objects to be

generated, and causing the instantiation of the first subset of modified current child objects to be

executed in a first set of respective specific elements so that the first set of respective specific

elements operates at run-time according to the instantiation of the first subset of modified current

child objects; and

maintaining an instantiation of the second subset of the set of current child objects so that

a second set of respective specific elements corresponding to the second subset of current child

objects operates at run-time according to the instantiation of the second subset of current child

objects.

2 . The method of claim 1, further comprising receiving at least one of: an indication

of a selection of the first subset of the set of current child objects, or an indication of a selection

of the second subset of the set of current child objects.



3 . The method of any of the preceding claims, wherein at least one of propagating

the modification to the first subset of the set of current child objects or not propagating the

modification to the second subset of the set of current child objects is based on a distribution

policy.

4 . The method of claim 3, wherein the distribution policy indicates whether or not

changes are to be propagated to at least one of: a particular class object or a particular process

element object.

5 . The method of any of the preceding claims, wherein at least one of:

propagating the modification to the each current child object of the first subset of current

child objects includes propagating the modification to a first current instance object derived from

the current parent object, wherein at least one of the current child objects included in the first

subset of current child objects is derived from the first current instance object; or

not propagating the modification to the second subset includes not propagating the

modification to a second current instance object derived from the current parent object, wherein

at least one of the current child objects included in the second subset of current child objects is

derived from the second current instance object.

6 . The method of any of the preceding claims, wherein receiving the indication of

the modification to the current parent object comprises receiving an indication of at least one of:

an addition to a content of the current parent object,

a deletion of at least a first part of the content of the current parent object,

a disablement of the at least the first part of the content of the current parent object or of

at least a second part of the content of the current parent object,

an enablement of a disabled content of the current parent object,



a change to a value included in the current parent object,

a change to a reference included in the current parent object, or

a resolution of a reference included in the current parent object.

7 . The method of any of the preceding claims, further comprising delaying the

execution, of the instantiation of the first subset of modified current child objects at the first set

of respective specific elements until a specified time.

8. The method of claim 7, wherein the specified time is a first specified time, and the

method further comprises:

propagating the modification to each current object of a third subset of the set of current

child objects to create a second subset of modified child objects; and

delaying an execution of an instantiation of the second subset of modified child objects at

a third set of respective specific elements until a second specified time different from the first

specified time.

9 . The method of any of the preceding claims, wherein the first set of respective

specific elements includes at least one of a display module, a control module, or module that

routes communications using a network included in the process plant.

10. The method of any of the preceding claims, wherein receiving the indication of

the modification to the current parent process object comprises receiving an indication of a

modification to a current class process object.

11. The method of any of the preceding claims,

further comprising:



receiving an indication of a modification to a particular current child object, the

particular current child object included in the set of current child objects derived from the

parent object, the particular current child object is not a member of the first subset of the

set of current child objects, and the particular current child object is not a member of the

second subset of current child objects; and

propagating the modification of the particular current child object to the current

parent object; and

wherein receiving the indication of the modification to the current parent object

comprises receiving an indication of the propagated modification of the particular current child

object for the current parent object.

12. An apparatus for flexibly configuring a process plant, comprising:

a flexible configurator communicatively coupled to one or more specific elements

included in the process plant, each of the one or more specific elements corresponding to one or

more processes being controlled by the process plant, the flexible configurator including

computer-executable instructions stored on one or more tangible, non-transitory memories, and

the computer-executable instructions being operable by one or more processors to:

receive an indication of a user modification corresponding to a current parent

object corresponding to an entity of the process plant;

propagate the user modification to each current child object of a first subset of a

set of current child objects to create a set of modified child objects, wherein:

each current child object included in the set of current child objects is

derived from the current parent object and corresponds to a respective specific

element of the process plant, and

the respective specific element operates according to an instantiation of

the each current child object to provide a function corresponding to the one or

more processes being controlled in the process plant;

prevent the user modification from being propagated to a second subset of the set

of current child objects;



cause an instantiation of the set of modified child objects to be transmitted to a

first set of respective specific elements so that the first subset of respective specific

elements operates at run-time according to the instantiation of the set of modified child

objects;

maintain an instantiation of a second subset of the set of current child objects at a

second set of respective specific elements corresponding to the second subset of current

child objects, so that the second set of respective specific elements operates at run-time

according to the instantiation of the second subset of current child objects; and

perform the method of zero or more of any of the preceding claims.

13. The apparatus of claim 12, wherein at least one of: the first subset of the set of

current child objects is a selected first subset of current child objects; or the second subset of the

set of current child objects is a selected second subset of current child objects.

14. The apparatus of claim 12 or claim 13, wherein the propagation of the user

modification or the prevention of the propagation of the user modification is based on at least

one distribution parameter corresponding to one or more objects, the one or more objects

including at least one of: the current parent object, the first subset of the set of current child

objects, the second subset of the set of current child objects, an instance object that is a parent

object of at least one current child object included in the first or the second subset of current

child objects and that is derived from the current parent object, or the each current child object.

15. The apparatus of claim 14, wherein the at least one distribution parameter is

modifiable.

16. The apparatus of claim 14 or claim 15, wherein the at least one distribution

parameter corresponding to the one or more objects indicates a policy for accepting one or more

propagated modifications at the one or more objects.



17. The apparatus of any of claims 14-16, wherein the at least one distribution

parameter corresponding to the one or more objects indicates a policy for propagating one or

more modifications to the one or more objects.

18. The apparatus of any of claims 12-17, wherein:

at least one of the current child objects included in the first subset of current child objects

is derived from a current instance object;

the current instance object is derived from the current parent object;

the user modification corresponding to the current parent object is a user modification to

the current parent object;

the propagation of the user modification to the at least one of the current child objects is

based on a propagation of the user modification to the current instance object; and

the propagation of the user modification to the current instance object is based on the user

modification to the current parent object.

19. The apparatus of any of claims 12-18, wherein:

the user modification corresponding to the current parent object is a modification

propagated from a user modification to a particular current child object;

the particular current child object is derived from the current parent object;

the particular current child object is not a member of the first subset of current child

objects; and

the particular current child object is not a member of the second subset of current child

objects.



20. The apparatus of any of claims 12-19, wherein at least one current child object

included in the second subset of current child objects is derived from a current instance object,

and the current instance object is derived from the current parent object.

21. The apparatus of any of claims 12-20, wherein the user modification to the current

parent object comprises at least one of:

an addition to a content of the current parent object,

a deletion of at least a first part of the content of the current parent object,

a disablement of the at least the first part of the content of the current parent object or of

at least a second part of the content of the current parent object,

an enablement of a disabled content of the current parent object,

a change to a value included in the current parent object,

a change to a reference included in the current parent object, or

a resolution of a reference included in the current parent object.

22. The apparatus of any of claims 12-21, wherein the current parent object is one of

a class process object or an instance object derived from the class process object.

23. The apparatus of any of claims 12-22, wherein the function corresponding to the

one or more processes being controlled in the process plant includes a function for presenting a

display on a user interface, the display including real-time information generated by the one or

more processes being controlled by the process plant.

24. The apparatus of any of claims 12-23, wherein the function corresponding to the

one or more processes being controlled by the process plant includes a control function executed

to control the one or more processes.



25. The apparatus of any of claims 12-24, wherein function corresponding to the one

or more processes being controlled in the process plant includes a delivery function executed to

route a communication whose contents are used to control the one or more processes.

26. The apparatus of any of claims 12-25, wherein the transmission of the set of

modified child objects to the first set of respective specific elements occurs only after the set of

modified child objects is approved or published.

27. The apparatus of claim 26, wherein at least one child object included in the set of

approved or published modified child objects is re-named.

28. A method of flexibly configuring a process plant, comprising:

receiving an indication of an update to a parent object, wherein each child object of a

plurality of child objects is derived from the parent object, and an instantiation of the each child

object is executed in a respective element to perform a function corresponding to controlling one

or more processes in the process plant;

updating, based on the indication, the parent object to generate an updated parent object;

propagating, to a first subset of the plurality of child objects, the update to generate a set

of updated child objects;

preventing the update from being propagated to a second subset of the plurality of child

objects;

causing respective configurations of the respective elements corresponding to the set of

updated child objects to be updated according to the instantiations of the set of updated child

objects so that the respective elements operate in real-time according to instantiations of the set

of updated child objects; and

performing the method of zero or more of any of the preceding claims.



29. The method of claim 28, further comprising determining at least one of the

members of the first subset or the members of the second subset based on a distribution policy.

30. The method of claim 29, wherein distribution policy includes a distribution

parameter corresponding to:

the at least one of the members of the first subset or the members of the second

subset, or

an instance object from which the at least one of the members of the first subset or

the members of the second subset are derived, the instance object derived from the parent

object.

31. The method of any of claims 28-30, wherein propagating the update to the first

subset of the plurality of current child objects comprises propagating the update to a current

instance object derived from the current parent object and, based on the update to the current

instance object, propagating the update to at least one member of the first subset of current child

objects.

32. The method of any of claims 28-31,

further comprising:

receiving an indication of an update to a particular child object, wherein the

particular child object is derived from the current parent object, the particular child object

is not a member of the first subset of the plurality of current child objects, and the

particular child object is not a member of the second subset the plurality of current child

objects; and

propagating, to the current parent object, the update to the particular child object;

and

wherein the indication of the update to the current parent object comprises an indication

of the update of the particular child object propagated to the current parent object.



33. The method any of claims 28-32, wherein receiving the indication of the update to

the current parent object comprises receiving an indication of at least one of:

an addition to a content of the current parent object,

a deletion of at least a first part of the content of the current parent object,

a disablement of the at least the first part of the content of the current parent object or of

at least a second part of the content of the current parent object,

an enablement of a disabled content of the current parent object,

a change to a value included in the current parent object,

a change to a reference included in the current parent object, or

a resolution of a reference included in the current parent object.

34. The method of any of claims 28-33, further comprising receiving an indication of

an approval or a publication of the set of updated child objects, and wherein causing the

respective configurations of the respective elements to be updated according to the instantiations

of the set of updated child objects comprises causing the respective configurations of the

respective elements to be updated according to the instantiations of the set of updated child

objects after the set of updated child objects is approved or published.

35. The method of claim 34, wherein receiving the indication of the approval or

publication of the set of updated child objects includes re-naming at least one child object

included in the set of updated child objects.

36. The method of any of claims 28-35,

wherein:

the second subset of the plurality of child objects is a set of maintained child

objects,



an updated plurality of child objects includes the set of updated child objects and

the set of maintained child objects, and

the indication of the update to the current parent object is a first update; and

the method further comprises:

receiving an indication of a second update to the updated parent object;

updating, based on the indication of the second update, the updated parent object

to a further updated parent object; and

propagating the second update to a subset of the updated plurality of child objects,

wherein the subset of the updated plurality of child objects includes at least one of a

member of the set of updated child objects, a member of the set of maintained child

objects, or another child object.

37. A method of flexibly configuring a process plant, comprising:

receiving, at a computing device, a user input indicative of a modification to a current

parent process object from which a current child process object is derived,

the current child process object corresponding to a specific element of the process

plant, and

the specific element operating according to an instantiation of the current child

process object to provide a function corresponding to one or more processes being

controlled in the process plant;

modifying, by the computing device and based on the user input, the current parent

process object to generate a modified parent process object, including modifying the current

child process object to generate a modified child process object corresponding to the specific

element;

storing, in a data storage entity coupled to the computing device, the modified parent

process object as a draft modified parent process object and the modified child process object as

a draft modified child process object corresponding to the draft modified parent process object;

preventing, by the computing device, the draft modified child process object from being

instantiated;



receiving, at the computing device, a user indication to publish the draft modified child

process object to generate a published modified child process object;

causing, by the computing device, (i) the published modified process element to be

instantiated, and (ii) the instantiation of the published modified process element to be delivered,

using a communication link, to the specific element of the process plant so that the specific

element operates, during run-time, according to the instantiation of the published modified child

process object; and

executing the method of zero or more of any of the preceding claims.

38. The method of claim 37, wherein receiving the user indication to publish the draft

modified child process object comprises receiving a user indication to publish the draft modified

parent process object.

39. The method of claim 37 or claim 38, wherein receiving the user indication to

publish the draft modified parent process object comprises receiving an indication of a user

selection of the draft modified parent process object from a plurality of draft parent process

objects, wherein each draft parent process object of the plurality of draft parent process objects

includes a respective modification to the current parent process object.

40. The method of any of claims 37-39, wherein receiving the user indication to

publish the draft modified child process object comprises receiving an indication of a user

selection of the draft modified child process object from a plurality of draft child process objects,

wherein each draft child process object of the plurality of draft child process objects includes a

respective modification to the current child process object.

41. The method of any of claims 37-40, wherein:

the user input is a first user input, the modification to the current parent process object is

a first modification to the current parent process object, the modified parent process object is a

first modified parent process object, the modified child process object is a first modified child



process object, the draft parent process object is a first draft parent process object, and the draft

modified child process object is a first draft modified child process object; and

the method further comprises:

receiving, at the computing device, a second user input indicative of a second

modification to the current parent process object;

modifying, by the computing device and based on the second user input, the

current parent process object to generate a second modified parent process object,

including modifying the current child process object to generate a second modified child

process object; and

storing, in the data storage entity, the second modified parent process object as a

second draft parent process object and the second modified child process object as a

second draft modified child process object corresponding to the second draft parent

process object.

42. The method of claims 37-41, wherein the function corresponding to the one or

more processes being controlled in the process plant is one of (i) a function included in a control

algorithm used to control of at least a portion of the one or more processes, or (2) a function that

displays information generated based on the control of the at least a portion of the one or more

processes.

43. The method of claims 37-42, further comprising:

receiving, at the computing device, a user request to compare at least two of: the current

child process object, the draft modified child process object, the published modified child

process object, the current parent process object, the draft modified child process object, or the

published modified child process object; and

causing to be presented, at a user interface, a comparison corresponding to the user

request.

44. The method of claims 37-43, wherein the current parent process object is one of a

current instance object or a current class object.



45. The method of claims 37-44, further comprising:

determining, by the computing device, that a draft package includes a plurality of draft

modified objects, the plurality of draft modified objects corresponding to a plurality of different

process entities of the process plant, and the plurality of draft modified objects including the

draft modified child process object;

receiving, at the computing device, a user indication to publish the draft package to

generate a published package;

upon receiving the user indication to publish the draft package to generate the published

package, publishing, at the computing device, at least a subset of the plurality of draft modified

objects to generate a set of published modified objects corresponding to the published package,

the set of published modified objects including the published modified child process object; and

upon generation of the set of published modified objects, causing (i) an instantiation of

the set of published modified objects, and (ii) delivery of the instantiated set of published

modified objects to the plurality of different process entities so that the plurality of different

process entities operates during run-time according to the instantiation of the set of published

modified objects to provide respective functions corresponding to the one or more processes

controlled in the process plant.

46. The method of claim 45, wherein determining that the draft package includes the

plurality of draft modified objects comprises determining that the draft package includes the

draft modified child process object and at least one of: (i) the draft modified parent process

object, (ii) another parent process object, or (iii) another child process object.

47. The method of claim 45 or claim 46, further comprising receiving, at the

computing device, an indication of a selection of the plurality of draft modified objects.

48. The method of any of claims 45-47, wherein:

(i) the draft package is a first draft package;



(ii) the method further comprises:

receiving, at the computing device, another user input indicative of a modification

to the first draft package,

modifying, by the computing device and based on the another user input, the first

draft package according to the another user input, and

storing, at the data storage entity, the modified first draft package as a second

draft package; and

(iii) receiving the user indication to publish the draft package to generate the published

package comprises receiving a user indication to publish one of the first draft package or the

second draft package to generate the published package.

49. An apparatus for flexibly configuring a process plant, comprising:

a flexible configurator communicatively coupled to one or more data storage devices and

communicatively coupled to a specific element included in the process plant, the flexible

configurator including computer-executable instructions stored on one or more tangible, non-

transitory memories, and the computer-executable instructions being operable by one or more

processors to:

receive an indication of a user-indicated modification to a current parent process

object from which one or more children objects are derived,

the one or more children objects including a current child process object

corresponding to the specific element of the process plant,

the specific element of the process plant including an instantiation of the

current child process object, and

the instantiation of the current child process object causing the specific

element to operate, in run-time, to provide a function pertaining to a process being

controlled in the process plant;

modify, based on the indication of the user-indicated modification, the current

parent process object to generate a modified parent process object and a modified child

process object for the specific element;



store, in the one or more data storage devices, the modified parent process object

as a draft modified parent process object and the modified child process object as a draft

modified child process object;

prevent the draft modified child process object from being instantiated;

receive a user indication to publish the draft modified parent process object to

generate a published modified parent process object and a published modified child

process object;

cause, based on the received user indication to publish the draft modified parent

process object, (i) the published modified child process object to be instantiated , and (ii)

the instantiation of the published modified child process object to be downloaded to the

specific element so that the specific element operates during run-time according to the

instantiation of the published modified child process object; and

perform the method of zero or more of any of the preceding claims.

50. The apparatus of claim 49, wherein the function provided by the specific element

in run-time is a function included in a control algorithm used to control the process.

51. The apparatus of claim 49, wherein the function provided by the specific element

in run-time is a display function to provide, at a user interface, real-time information

corresponding to control of the process in the process plant.

52. The apparatus of any of claims 49-51, wherein the current parent process object is

one of: a class object, an instance object, or a library object.

53. The apparatus of any of claims 49-52, wherein:

the draft modified parent process object is a particular draft modified parent process

object included in a plurality of draft modified parent process objects corresponding to the

current parent process object; and



the user indication to publish the particular draft modified parent process object is based

on a selection of the particular draft modified parent process object from the plurality of draft

modified parent process objects.

54. The apparatus of any of claims 49-53, wherein the flexible configurator includes

further computer-executable instructions operable by the one or more processors to:

receive a user indication to publish a draft package, the draft package including a

plurality of draft process objects, the plurality of draft process objects including the draft

modified parent process object, and the plurality of draft process objects corresponding to a

plurality of different process entities of the process plant;

upon receiving the user indication to publish the draft package,

publishing the plurality of draft process objects corresponding to the draft

package to form a plurality of published process objects; and

causing the plurality of published process objects to be instantiated in the process

plant.

55. The apparatus of claim 54, wherein at least one of:

the plurality of draft process objects included in the draft package is at least partially

selected by a user;

the plurality of draft process objects included in the draft package further includes the

draft modified child process object; and

the user indication to publish the draft package comprises a user indication to publish a

selected draft package from a plurality of draft packages.

56. A method of flexibly configuring a process plant, comprising:

receiving, via an interface of a computing device, an input indicative of a modification to

a current parent process object,

the current parent process object having a current child process object derived

therefrom,



the specific element controlling one or more processes in the process plant

according to an instantiation of the current child process object, and

the specific element communicatively connected to the computing device;

modifying, by the computing device and based on the input, the current parent process

object to generate a modified current parent process object, including modifying the current child

process object to generate a modified child process object;

causing, by the computing device, an instantiation of the modified child process object to

be delivered to the specific element of the process plant only after an approval of the modified

child process object has been received, wherein:

the approval of the modified child process object causes a change of state of the

modified child process object from a first state indicating that instantiation is not allowed

to a second state indicating that instantiation is allowed, and

the instantiation of the modified child process object in the specific element

causes the specific element to control the one or more processes in the process plant

according to the instantiation of the modified child process object; and

executing the method of zero or more of any of the preceding claims.

57. The method of claim 56, wherein the approval of the modified child process

object is included in an approval of the modified parent process object.

58. The method of claim 56 or claim 57, wherein:

the input is a first input, the modification is a first modification, the modified parent

process object is a first modified parent process object, and the modified child process object is a

first modified child process object; and

the method further comprises:

receiving a second input indicative of a second modification to the current parent

process object;

modifying the current parent process object to generate a second modified parent

process object, including modifying the current child process object to generate a second

modified child process object, and



receiving an approval of the second modified child process object to cause the

second modified child process object to have the second state indicating that instantiation

is allowed.

59. The method of claim 58, further comprising receiving a selection of one of the

first modified child process object or the second modified child process object, and causing an

instantiation of the selected modified child process object to be delivered to the specific element.

60. The method of claim 58 or claim 59, wherein receiving a selection of the one of

the first modified child process object or the second modified child process object comprises

receiving a selection of the first modified parent process object or the second modified parent

process object.

61. The method of any of claims 56-60, wherein receiving the input indicative of the

modification to the current parent process object comprises receiving an indication of at least one

of:

adding to a content of the current parent process object,

deleting at least a first part of the content of the current parent process object,

disabling the at least the first part of the content of the current parent process object or at

least a second part of the content of the current parent process object,

enabling a disabled content of the current parent process object,

changing a value included in the current parent process object,

changing a reference included in the current parent process object, or

resolving a reference included in the current parent process object.

62. A graphic element presented on a process control display view corresponding to a

process plant, the graphic element comprising:

an execution, in a run-time operating environment of the process plant, of an instantiation

of a graphic element object corresponding to a process entity included in the process plant, the



graphic element object being configurable, the graphic element object including a link to a

display object from which the process control display view is instantiated, and the execution of

the instantiation of the graphic element object including:

a visual representation of the process entity, and

a link to the process element to receive real-time data corresponding to a process being

controlled in the process plant, the real-time data corresponding to at least one attribute of the

graphic element,

wherein the graphic element is included in zero or more of any of the preceding claims.

63. The graphic element of claim 62, wherein the graphic element object is

configurable in the run-time operating environment of the process plant.

64. The graphic element of claim 63, wherein the graphic element object is

configurable in a configuration environment of the process plant.

65. The graphic element of any of claims 62-64, wherein a configuration, of the

graphic element object, that is at least partially generated in the run-time operating environment

is stored in a location that is accessible to both the run-time operating environment and the

configuration environment of the process plant.

66. The graphic element of any of claims 62-65, wherein the graphic element object is

a first graphic element object, and wherein the first graphic element object further includes a link

to a second graphic element object.

67. The graphic element of claim 66, wherein an instantiation of the second graphic

element object includes another graphic element presented on the process control display view.



68. The graphic element of claim 66, wherein the display object is a first display

object, the process control display view is a first process control display view, and the second

graphic element object to which the first graphic element object is linked is a second display

object corresponding to a second process control display view.

69. The graphic element of any of claims 62-65, wherein the graphic element object is

a first graphic element object, and wherein the first graphic element object is derived from a

second graphic element object.

70. The graphic element of claim 69, wherein an instantiation of the second graphic

element object comprises another graphic element or another display view.

71. The graphic element of any of claims 62-65, wherein the graphic element object is

a first graphic element object, and wherein a second graphic element object is derived from the

first graphic element object.

72. The graphic element of claim 71, wherein an instantiation of the second graphic

element object comprises another graphic element or another display view.

73. The graphic element of any of claims 62-72, wherein the at least one attribute of

the graphic element is at least one of a property, an animation, or an event handler defined in the

graphic element object and corresponding to the visual representation of the process entity.

74. The graphic element of claim 73, wherein:

the animation defines a dynamic behavior of at least a portion of the visual representation

of the process entity that changes based on the real-time data;

the event handler defines a behavior to be executed when a trigger occurs; and



the property defines a characteristic of the visual representation of the process entity.

75. The graphic element of any of claims 62-74, wherein:

a modification to the graphic element object is receivable at both a user interface of the

run-time operating environment of the process plant and at a user interface of a configuration

environment of the process plant, and

the modification to the graphic element object generates a modified graphic element

object that is accessible to both the run-time operating environment of the process plant and to

the configuration environment of the process plant.

76. The graphic element of claim 75, wherein the at least one attribute is a first

attribute, and wherein the modification to the graphic element object includes at least one of a

modification to the first attribute, a deletion of the first attribute, or an addition of a second

attribute.

77. The graphic element of claim 75 or claim 76, wherein the modification to the

graphic element object includes at least one of a modification to a definition of the visual

representation of the process entity.

78. The graphic element of any of claims 75-77, wherein the link to display object is a

first display link, and wherein the modification to the graphic element object includes at least one

of a modification to the first display link, a deletion of the first display link, or an addition of a

second display link to another display object.

79. The graphic element of any of claims 75-78, wherein:

the modification to the graphic element object includes an override of a definition

included in the graphic element object,



a source of the definition is another graphic element object from which graphic element

object is derived, and

the definition includes at least one of: a definition of the visual representation of the

process entity, a definition of the link to receive the real-time data, a definition the link to the

display object, or a definition of the at least one attribute.

80. The graphic element of claim 79, wherein the override of the definition included

in the graphic element object is a first modification, and wherein a second modification is

applied to the modified graphic element object.

81. The graphic element of any of claims 62-80, wherein the graphic element object

defines one or more views, wherein each of the one or more views corresponds to a respective

arrangement of portions of the visual representation of the graphic element.

82. The graphic element of any of claims 62-81, wherein the graphic display object is

generated from a combination of at least two other graphic display objects.

83. At least a portion of the process plant that is configured to use the graphic element

of any of claims 62-82 and to control the process using at least one physical function.

84. A method performed by at least a portion of the process plant using the graphic

element of any of claims 62-82, the process plant configured to control the process using at least

one physical function.

85. An apparatus of the process plant, the apparatus including the graphic element of

any of claims 62-82, and the process plant configured to control the process using at least one

physical function.



86. A method of flexibly configuring graphic elements for use in a process plant, the

method comprising:

receiving, in a run-time operating environment of the process plant, an indication of a

modification to a particular graphic element object included in a set of graphic element objects,

wherein:

an instantiation of each graphic element object of the set of graphic element objects

includes a respective graphic element that represents, on at least one process control display

view, a respective process entity of the process plant;

the each graphic element object of the set of graphic element objects is linked to at least

one display object, wherein an instantiation of the at least one display object executed in the run

time operating environment of the process plant generates the at least one process control display

view, and

the at least one process control display view presents real-time data corresponding to

control of a process by the process plant;

propagating, in the run-time operating environment of the process plant, the modification

to each graphic element object of a subset of the set of graphic element objects, wherein each

graphic element object included in the subset is derived from the particular graphic element

object, and the propagation of the modification to the subset of graphic element objects generates

a set of modified graphic element objects;

causing an instantiation of one or more members of the set of modified graphic element

objects to be executed in the run-time operating environment so that one or more modified

graphic elements corresponding to the one or more members of the set of modified graphic

element objects are presented on the at least one process control display view; and

executing the method of zero or more of any of the preceding claims.

87. The method of claim 86, further comprising storing the set of modified graphic

element objects to be accessible to a configuration environment of the process plant.

88. The method of claim 86 or 87, wherein receiving the indication of the

modification to the particular graphic element object comprises receiving an indication of a



modification to a definition included in the particular graphic element object, the definition

including at least one of: a definition of a visual shape or content of a particular graphic element

instantiated from the particular graphic element object, a definition of the link to the at least one

display object, or a definition of an attribute of the particular graphic element.

89. The method of claim 88, wherein the attribute defined by the particular graphic

element object is one of:

an animation defining a dynamic behavior, that changes based on the real-time data, of at

least a portion of the particular graphic element;

an event handler defining a behavior to be executed by the particular graphic element

when a trigger occurs; and

the property defines a characteristic of the particular graphic element.

90. The method of claim 88 or claim 89, wherein receiving the indication of the

modification to the definition included in the particular graphic element object comprises

receiving an indication of a modification to a definition included in the particular graphic

element object and provided by another graphic element object from which the particular graphic

element object is derived.

91. The method of any of claims 88-90, wherein receiving the indication of the

modification to the definition included in the particular graphic element object includes

comprises receiving an indication of a deletion of the definition or of a change to the definition.

92. The method of any of claims 88-91, wherein receiving the indication of the

modification to the particular graphic element object comprises receiving an indication of an

additional definition added to the particular graphic element object, the additional definition

corresponding to at least one of: another visual shape or content of the particular graphic

element, another link to another display object, or another attribute of the particular graphic

element.



93. The method of any of claims 86-92, further comprising storing an indication that

the modification was propagated to the each graphic element object of the subset.

94. The method of any of claims 86-93, wherein the modification to the each graphic

element object is a first modification, and wherein the method further comprises determining a

set of multiple modifications to the each graphic element object of the subset, the multiple

modifications including the first modification.

95. The method of any of claims 86-94, wherein receiving an indication of the

modification to the particular graphic element object comprises receiving an indication of a

modification to another graphic element object from which the particular graphic element object

was derived.

96. The method of any of claims 86-95, further comprising determining the subset of

the set of graphic element objects based on a distribution policy.

97. The method of claim 96, wherein determining the subset of graphic element

objects based on the distribution policy comprises determining the subset of graphic element

objects based on a distribution policy corresponding to the particular graphic element object.

98. The method of claim 96 or claim 97, wherein determining the subset of graphic

element objects based on the distribution policy comprises determining the subset of graphic

element objects based on a distribution policy corresponding to at least some of the members of

the subset of graphic element objects.



99. A method of flexibly configuring graphic elements for use in a process plant, the

method comprising:

receiving an indication of a modification to a particular graphic element object included

in a set of graphic element objects, wherein:

an execution of an instantiation of each graphic element object of the set of graphic

element objects (i) generates a respective graphic element that is presented on respective one or

more process control display views, and (ii) represents a respective process entity of the process

plant,

the respective one or more process control display views (a) are generated from an

execution of an instantiation of respective one or more display objects, and (b) present real-time

data corresponding to control of a process by the process plant, and

the each graphic element object of the set of graphic element objects is linked to the

respective one or more display objects;

propagating the modification to each graphic element object of a first subset of the set of

graphic element objects, wherein the each graphic element object included in the first subset is

derived from the particular graphic element object, and the propagation of the modification to the

first subset of graphic element objects generates a set of modified graphic element objects;

causing one or more modified graphic elements corresponding to one or more members

of the set of modified graphic element objects to be presented on corresponding one or more

process control display views when instantiations of the one or more members of the set of

modified graphic element objects are executed;

not propagating the modification to each graphic element object of a second subset of the

set of graphic element objects, wherein each graphic element object included in the second

subset is derived from the particular graphic element object; and

executing the method of zero or more of any of the preceding claims.

100. The method of claim 99, wherein receiving the indication of the modification to

the particular graphic element object comprises receiving, at a user interface in a run-time

operating environment of the process plant, the indication of the modification to the particular

graphic element object.



101. The method of claim 99 or claim 100, wherein the method further comprises

storing the set of modified graphic element objects in a location accessible to both the run-time

operating environment and a configuration environment of the process plant.

102. The method of any of claims 99-101, wherein:

receiving the indication of the modification to the particular graphic element object

comprises receiving an indication of a modification to a definition included in the particular

graphic element object, and

the definition includes at least one of: a definition of a visual shape or content of a

particular graphic element corresponding to the particular graphic element object, a definition of

a link to at least one display object, or a definition of an attribute of the particular graphic

element.

103. The method of claim 102, wherein the attribute of the particular graphic element

object is one of:

an animation defining a dynamic behavior of at least a portion of the visual shape or

content of the particular graphic element that changes based on the real-time data;

an event handler defining a behavior to be executed by the particular graphic element

when a trigger occurs; and

the property defines a characteristic of the visual shape or content of the particular

graphic element.

104. The method of claim 102 or claim 103, wherein receiving the indication of the

modification to the definition included in the particular graphic element object comprises

receiving an indication of a modification to a definition included in the particular graphic

element object and provided by another graphic element object from which the particular graphic

element object is derived.



105. The method of any of claims 102-104, wherein receiving the indication of the

modification to the definition includes receiving an indication of one of a deletion of the

definition or a change to the definition.

106. The method of any of claims 102-105, wherein receiving the indication of the

modification to the particular graphic element object comprises receiving an indication of an

additional definition added to the particular graphic element object, the additional definition

corresponding to at least one of: another visual shape or content of the particular graphic

element, another link to another display object, or another attribute of the particular graphic

element.

107. The method of any of claims 99-106, further comprising storing an indication that

the modification was propagated to the each graphic element object of the first subset.

108. The method of any of claims 99-107, wherein the modification to the each graphic

element object is a first modification, and wherein the method further comprises determining a

set of multiple modifications to the each graphic element object of the first subset, the multiple

modifications including the first modification.

109. The method of any of claims 99-108, wherein receiving an indication of the

modification to the particular graphic element object comprises receiving an indication of a

modification to another graphic element object from which the particular graphic element object

was derived.

110. The method of any of claims 99-109, further comprising determining, based on a

distribution policy, at least one of (i) the first subset of graphic element objects or (ii) the second

subset of graphic element objects.



111. The method of claim 110, wherein determining the at least one of the first or the

second subset of graphic element objects based on the distribution policy comprises determining

the at least one of the first or the second subset of graphic element objects based on a distribution

policy corresponding to the particular graphic element object.

112. The method of claim 110 or claim 111, wherein determining the at least one of the

first or the second subset of graphic element objects based on the distribution policy comprises

determining the at least one of the first or the second subset of graphic element objects based on

a distribution policy corresponding to at least one member of the at least one of the first or the

second subset of graphic element objects.

113. A method of using flexibly configured graphic elements in process plants, the

method comprising:

initiating, at a computing device, a loading of a display view,

the display view comprising an execution of an instantiation of a display object

including a link to receive real-time data corresponding to controlling a process in the

process plant, wherein information presented on the display view is based on the received

real-time data;

the display object linked to a particular graphic element object, and

the particular graphic element object comprising (i) a definition of a visual

representation of a process entity of the process plant, the definition of the visual

representation of the process entity provided by another graphic element object from

which the particular graphic element object is derived, and (ii) a modification to the

definition of the visual representation provided by the another graphic element object;

upon the initiation of the loading of the display view,

(a) determining the definition of the visual representation provided by the another

graphic element object;

(b) applying the modification to the determined definition to generated a modified

definition; and



(c) instantiating, on the display view, the modified definition as a particular

graphic element corresponding to the particular graphic element object; and

performing the method of zero of more of any of the preceding claims.

114. The method of claim 113, wherein an indication of the modification is stored

separately from the definition of the visual representation provided by the another graphic

element object.

115. The method of claim 113 or claim 114, wherein:

determining the definition of the of the visual representation provided by the another

graphic element object comprises determining a definition of a property of the visual

representation, the property of the visual representation including a visual characteristic of at

least a portion of the visual representation; and

applying the modification to the determined definition includes at least one of: removing

the property from the determined definition, replacing the property with another property, or

changing the at least a portion of the visual representation corresponding to the property.

116. The method of any of claims 113-115, wherein:

determining the definition of the of the visual representation provided by the another

graphic element object comprises determining a definition of a shape of at least a portion of the

visual representation; and

applying the modification to the determined definition includes at least one of: removing

the shape from the determined definition, replacing the shape with another shape, or changing

the shape.

117. The method of claim 116, wherein changing the shape comprises changing at

least one of an orientation, a size, or a position of the shape.

The method of any of claims 113-117, wherein:



determining the definition of the of the visual representation provided by the another

graphic element object comprises determining a definition of an animation of the visual

representation, the animation of the visual representation including a behavior of at least a

portion of the visual representation that dynamically changes based on the received real-time

data; and

applying the modification to the determined definition includes at least one of: removing

the animation from the determined definition, replacing the animation with another animation, or

changing the at least a portion of the visual representation corresponding to the animation.

119. The method of any of claims 113-118, wherein:

determining the definition of the of the visual representation provided by the another

graphic element object comprises determining a definition of an event handler, the event handler

indicating a behavior to be executed when a trigger occurs; and

applying the modification to the determined definition includes at least one of: removing

the event handler, changing the behavior to be executed by the particular graphic element when

the trigger occurs, or changing the trigger that causes the behavior to be executed.

120. The method of claim 119, wherein the trigger is based on the received real-time

data.

121. The method of any of claims 113-120, wherein applying the modification to the

determined definition includes adding, to the determined definition, at least one of a property, an

animation or an event handler.

122. A system for supporting flexible graphic elements in a process plant, the system

comprising:

one or more display views generated in a real-time operating environment of the process

plant, the one or more display views presenting information corresponding to real-time data



generated from controlling a process in the real-time operating environment of the process plant;

and

a plurality of graphic elements presented on the one or more display views, wherein:

each graphic element of the plurality of graphic elements includes a visual representation

of a respective process entity included in the process plant,

the each graphic element is generated by an execution of the instantiation of a respective

graphic element object,

the respective graphic element object is linked to a respective display object

corresponding to each display view on which the each graphic element is presented, and

the each respective graphic element object is configurable in the real-time operating

environment of the process plant and is configurable in a configuration environment of the

process plant,

wherein the system is configured to perform the method of zero or more of any of the

preceding claims.

123. The system of claim 122, wherein the respective display object is a particular

graphic element object.

124. The system of claim 122 or 123, wherein a first graphic element object is derived

from a second graphic element object.

125. The system of claim 124, further comprising a modification to the first graphic

element object.

126. The system of claim 125, wherein the modification to the first graphic element

object is propagated from the second graphic element object.

127. The system of claim 125, wherein the modification to the first graphic element

object is not propagated from the second graphic element object.



128. The system of any of claims 125-127, wherein the modification to the first

graphic element object is based on a user input.

129. The system of any of claims 125, 127 or 128, wherein the modification to the first

graphic element object is propagated from another graphic element object different from the

second graphic element object.

130. The system of any of claims 125-129, wherein the modification to the first

graphic element object is an override of a definition provided by the second graphic element

object.

131. The system of claim 130, wherein the override of the definition comprises at least

one of a removal of at least a portion of the definition, a replacement of at least a portion of the

definition, a change to at least a portion of the definition, or an addition to the definition.

132. The system of claim 130 or claim 131, wherein the instantiation of the first

graphic element object comprises (i) a determination of the definition provided by the second

graphic element object, and (ii) an application of the override to the determined definition.

133. The system of any of claims 130-132, further comprising:

a user interface to receive a query for an identification of a set of overrides corresponding

to the first graphic element object, the set of overrides including the override of the definition

provided by the second graphic element object; and

a mechanism to determine the set of overrides and provide a response to the query.



134. The system of any of claims 130-133, wherein the definition defines at least one

of a shape, a property, an animation, or an event handler of at least a portion of the visual

representation of the process entity.

135. The system of any of claims 124-134, further comprising:

a user interface to receive a query for an identification of a set of graphic element objects

derived from the second graphic element object, the set of graphic element objects including the

first graphic element object; and

a mechanism to determine the set of graphic element objects derived from the second

graphic element object and provide a response to the query.

136. The system of any of claims 124-135, wherein the first graphic element object is

derived from multiple graphic element objects, the multiple graphic element objects including

the second graphic element object.

137. The system of any of claims 124-136, wherein a third graphic element object is

derived from the second graphic element object.

138. The system any of claims 124-137, wherein the second graphic element object is

derived from a fourth graphic element object.

139. The system of any of claims 124-138, wherein a fifth graphic element object is

derived from the first graphic element object.

140. The system of any of claims 122-139, wherein a first graphic element object

comprises a combination of more than one other graphic element objects.



141. The system of any of claims 122-140, further comprising a data storage entity

configured to store the plurality of graphic element objects, the data storage entity accessible to

both the real-time operating environment of the process plant and the configuration environment

of the process plant.

142. The system of any of claims 122-141, wherein the process entity comprises at

least one of:

a class module, an instance of the class module, a process element module, an area, a

unit, a piece of equipment, a control module, a routing module, or a display module.

143. Any of the preceding claims in combination with one or more any other of the

preceding claims.
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