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(57) ABSTRACT 

Methods and apparatus for configuring process, environ 
mental, industrial and other control systems generate and/or 
utilize models representing configurations of control sys 
tems and/or the systems controlled by them. Records of 
changes to the models or the configurations represented by 
them are maintained, thereby, for example, providing bases 
for determining current states, prior states and histories of 
changes. Objects in the model have characteristics, such as 
an object type characteristic and an area characteristic. Users 
can have corresponding permissions. A security mechanism 
apparatus controls access by users to the objects. Composite 
objects are defined by definition objects and are displayed in 
encapsulated or expanded formats. Objects can include an 
edit control type identifier that determines how they are 
presented for editing. Functionality responds to user com 
mands by transferring characteristics of a first object 
depicted by the graphical user interface to a second object. 
Configuration-time formulas contained objects are evaluated 
to constants prior to downloading to the control system. 
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Figure 1 - Process Control System 
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Figure 2 - Exemplary Controlled Process 
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Figure 3 - Control Strategy Configurator Components 
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Figure 5 - IDA Framework Object Model Components 
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Figure 7 - Parameterized Object Model 
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Figure 11 - Parameter Definition Editor 
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Figure 12 - Parameter Editor Example 
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Figure 14 - ObjectType Hierarchy Example 
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Figure 16- Type Awareness Example 
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Figure 21 - Parameter Connection Type Object Model 
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Figure 22 - Example of Simultaneous Source/Sink Parameter Connectivity 
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Figure 24-Parent/Child Connectivity Example - Case #2 
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Figure 25- Parent/Child Connectivity Example (Nest) - Case #3 
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Figure 26 - Source/Sink Connectivity Example 
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Figure 27 - Appearance Object Model 

Figure 28 - Appearance Definition Example 
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Figure 29B - Combined Placeholder/Appearance Object Model 
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Figure 32 - The DADocument Architecture 
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Figure 34 - The IDA View Classes 
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Figure 35 - The IDA Frame Classes 

Figure 36-Sheet Templates Object Model 
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Figure 38 - Sheet Template Editor 
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Figure 40 - Applying Filter Rules to POC 
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Figure 41 - Filter Editor 
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Figure 42 - Composite Report Template Editor 
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Figure 43 - Report Editor 
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Figure 45 - Version Control - Basic Concepts 
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Figure 50 - Parameterized Object Versions 
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Figure 51 - Version Control Object Model 
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Figure 54 - Historical Archive with Playback Macro 
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Figure 57 - UndoManager Object Model 
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Figure 58 - Users and Security Object Model 
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Figure 59-Users and Groups Example 
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Figure 60 - Process Area and Assignable Objects Example 
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Figure 63 - Managing Groups 

Figure 64 - Assigning Users to Groups 
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Figure 65 - Groups, ObjectTypes and Permissions 
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Figure 66-Managing Process Areas 
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Figure 67 - Groups and Process Area Permissions 
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Figure 70. Block Definition Classes. 
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Figure 72 - Composite Block Definition 
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Figure 73 - Composite Block In Loop 

Figure 74 - Expanded Composite Block In Loop 
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Figure 76 - Anatomy of a Block Placeholder 
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Figure 77 - Block Connection dialog 

Figure 78 - Template/Definition Internal Connections 
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Figure 80-Parameter Property Sheet 
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Figure 81 - Composite Block Property Sheet 
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Figure 82 - Parameter Formula Builder 
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Figure 84-Block object model 
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Figure 85 - Modifier Block object model 

  

  

  



Patent Application Publication Sep. 14, 2006 Sheet 55 of 75 US 2006/0206866 A1 

Modifier Block 

gas 

Modifier Block 

gas 
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Figure 87 - Composite BlockDefinition object model 
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Figure 88 - Loop Template object model 

Compound 

to Block : 
(Tag List Row) : 
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Figure 90 - Composite Block object model 
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Figure 91 - Template-Derived Loop object model 
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Figure 96- Ladder Objects 

Figure 97- Persistent Document Objects. 
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Figure 99 - Block Execution Scheduler Editor 
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Figure 101 - Block Execution Editor Object Model 
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Figure 103 - Tag List Import from ASCII File 

  

  

  

  

  



Patent Application Publication Sep. 14, 2006 Sheet 64 of 75 US 2006/0206866 A1 

TACLST COPNd 
TAGST TAG 
TAC STAG 
TAGS, DESCRP 
TACISTDESCRP2 
TACLS. TVP 
TACLST CONP 
TActST PARA 
TAGLS. Old 
ACS a 
TAGLSTOR 

Fied 
Field 2 
Fe3 
Fe 4 
Fe 5 
Fields 
Fe 7 
Fe3 
Feds 
Fe 
Field 

l 
2 
3 
4. 
s 
6 
7 
8 
9 

l i 

Figure 104 - Tag List Export to ASCII File 
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Figure 105 - Tag List Import / Export from Database Table 
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Figure 109 - Download Services Object Model 
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Figure 110- Historian Assignment Overview 
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Figure 112 - Historian Object Model 
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Figure 114 - Enclosure Loading View and Tag Assignment Dialog 
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Figure 115 - Enclosure Input/Output Termination View 
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Figure 116 - Enclosure Loading Model 
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Figure 120 - Typical DA Generic Editor Frame 
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METHODS AND APPARATUS FOR CONTROL 
CONFIGURATION USING LIVE DATA 

REFERENCE TO RELATED APPLICATIONS 

0001. This application claims the benefit of priority of 
U.S. Ser. No. 60/134,597, filed May 17, 1999, entitled 
INTEGRATED DESIGN AUTOMATION CONTROL 
ALGORITHM CONFIGURATOR ARCHITECTURE 
(Attorney Docket: 102314-0045), the teachings of which are 
incorporated herein by reference. 
0002 This application is a continuation of copending, 
commonly assigned U.S. Ser. No. 09/448,845, filed Nov. 23, 
1999, entitled METHODS AND APPARATUS FOR CON 
TROLLING OBJECT APPEARANCE IN A PROCESS 
CONTROL CONFIGURATION SYSTEM (Attorney 
Docket: 102314-50), the teachings of which are incorpo 
rated herein by reference. 
0003. This application is a continuation of copending, 
commonly assigned U.S. Ser. No. 09/448,223, filed Nov. 23, 
1999, entitled PROCESS CONTROL CONFIGURATION 
SYSTEM WITH CONNECTION VALIDATION AND 
CONFIGURATION (Attorney Docket: 102314-54), the 
teachings of which are incorporated herein by reference. 
0004. This application is a continuation of copending, 
commonly assigned U.S. Ser. No. 09/448,374, filed Nov. 23, 
1999, entitled PROCESS CONTROL CONFIGURATION 
SYSTEM WITH PARAMETERIZED OBJECTS (Attorney 
Docket: 102314-46), the teachings of which are incorpo 
rated herein by reference. 

BACKGROUND OF THE INVENTION 

0005 The invention pertains to control and, more par 
ticularly, to methods and apparatus for configuring control 
systems. 

0006. The terms “control” and “control systems' refer to 
the control of a device or system by monitoring one or more 
of its characteristics. This is used to insure that output, 
processing, quality and/or efficiency remain within desired 
parameters over the course of time. In many control systems, 
digital data processing or other automated apparatus monitor 
a device, process or system and automatically adjust its 
operational parameters. In other control systems, such appa 
ratus monitor the device, process or system and display 
alarms or other indicia of its characteristics, leaving respon 
sibility for adjustment to the operator. 

0007 Control is used in a number of fields. Process 
control, for example, is typically employed in the manufac 
turing sector for process, repetitive and discrete manufac 
tures, though, it also has wide application in utility and other 
service industries. Environmental control finds application 
in residential, commercial, institutional and industrial set 
tings, where temperature and other environmental factors 
must be properly maintained. Control is also used in articles 
of manufacture, from toasters to aircraft, to monitor and 
control device operation. 
0008 Modern day control systems typically include a 
combination of field devices, control devices, and control 
lers, the functions of which may overlap or be combined. 
Field devices include temperature, flow and other sensors 
that measure characteristics of the device, process or system 
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being controlled. Control devices include valves, actuators, 
and the like, that control the device, process or system itself. 

0009 Controllers generate settings for the control 
devices based on measurements from the field devices. 
Controller operation is typically based on a “control algo 
rithm' that maintains a controlled system at a desired level, 
or drives it to that level, by minimizing differences between 
the values measured by the sensors and, for example, a 
setpoint defined by the operator. 

0010. In a food processing plant, for example, a control 
ler can be used to maintain a Soup stock at a simmer or low 
boil. This is done by comparing measurements of vapor 
pressure in the processing vessel with a desired setpoint. If 
the vessel pressure is too low, the control algorithm may call 
for incrementally opening the heating gas valves, thereby, 
driving the pressure and boiling activity upwards. As the 
pressure approaches the desired setpoint, the algorithm 
requires incrementally leveling the valves to maintain the 
roil of the boil. 

0011 Controllers may be networked or otherwise con 
nected to other computing apparatus that facilitate monitor 
ing or administration. The so-called S88 industry standard, 
described in Batch Control Part 1: Models and Terminol 
ogy (The International Society for Measurement and Control 
1995), for example, defines a hierarchy of processing and 
control equipment ("equipment entities”) that can be used to 
model and control an automated manufacturing process. At 
the lowest level of the hierarchy are control modules that 
directly manipulate field devices (e.g., opening and closing 
valves) and, possibly, other control modules. At a higher 
level, equipment modules coordinate the functions control 
modules, as well as of other equipment modules, and may 
execute phases of the manufacturing process (such as setting 
controller constants and modes). “Units, at still a higher 
level of the hierarchy, coordinate the functions of equipment 
and control modules. Process cells orchestrate all processing 
activities required to produce a manufacturing batch, e.g., 
scheduling, preparing and monitoring equipment or 
resources, and so forth. 

0012. The principal function of controllers is executing 
control algorithms for the real-time monitoring and control 
of devices, processes or systems. They typically have neither 
the computing power nor user interfaces required to facili 
tate the design of a control algorithm. Instead, the art has 
developed configurators. These are typically general pur 
pose computers (e.g., workstations) running Software that 
permit an engineer or operator to graphically model a 
device, process or system and the desired strategy for 
controlling it. This includes enumerating field devices, con 
trol devices, controllers and other apparatus that will be used 
for control, specifying their interrelationships and the infor 
mation that will be transferred among them, as well as 
detailing the calculations and methodology they will apply 
for purposes of control. Once modeling is complete and 
tested, the control algorithm is downloaded to the control 
lers. 

0013. One well known process control system configu 
rator is that provided with the I/A Series(R (hereinafter, 
“IAS or "I/A) systems, marketed by the assignee hereof. 
These provide a graphical interface (FoxCAE) permitting an 
engineer to model a process hierarchically and to define a 
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control algorithm from that hierarchy. Multiple editors are 
provided for defining and modifying modules within the 
hierarchy. 
0014 Though prior art process control configuration sys 
tems, particularly, the IAS systems and others sold by the 
assignee hereof, have met wide acceptance in the industry, 
there remains room for improvement. Such is the case, for 
example, with respect to the configuration of complex 
control systems. 
0015. In this context, an object of the present invention is 
to provide improved methods and apparatus for control and, 
particularly, for configuring control systems. A related object 
of the invention is to provide methods and apparatus for 
configuring a process control systems. 
0016 A further object of the invention is to provide such 
methods and apparatus as facilitate configuring large or 
complex control systems 
0017 Still yet a further object of the invention is to 
provide Such methods and apparatus as can be used in 
configuring a range of control systems, whether hierarchical 
or not, whether pertaining to process control or otherwise. 

SUMMARY OF THE INVENTION 

0018) Versioning 
0019. The foregoing are among the goals attained by the 
invention which provides improved methods and apparatus 
for configuring a process, environmental, industrial and 
other control system. A configuration apparatus, according 
to one aspect of the invention, generates and utilizes a model 
representing a configuration of a control system and/or the 
system being controlled by it. The apparatus maintains a 
record of changes to the model or the configuration repre 
sented by it and thereby, for example, provides bases for 
determining their current states, prior states and histories of 
changes. This information can be tracked, for example, from 
the moment a model or its components are created through 
the most current versions. 

0020) Further aspects of the invention provide such a 
configuration apparatus in which the model is composed of 
objects (or other data and/or programming constructs) that 
represent entities within any of the control system, the 
controlled system, a control level hierarchy, and/or the 
configuration apparatus itself. In aspects of the invention 
utilized for process control, objects can represent, by way of 
non-limiting example, field devices, control devices, control 
processors, blocks, loops, compounds, historians, object 
type categories, object connections, parameter connections, 
display placeholders, graphical display entities, and reports. 
They can also represent entities of a control level hierarchy, 
e.g., sites, areas, process cells, units, and the like. 
0021 A configuration apparatus, according to these and 
other aspects, can record changes by maintaining current and 
historical versions of the objects that make up the model. 
This permits, for example, tracing the genealogy of those 
objects forward and backward throughout the entire gene 
alogy representing each object’s life cycle. 
0022. In addition to maintaining multiple historical ver 
sions of objects, a configuration apparatus according to 
further aspects of the invention can maintain not only the 
modeling objects but, also, versions representing configu 
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ration data that has been downloaded to the control system 
for execution. That data can be, for example, binary or other 
machine-readable data of the type understandable by the 
target control system equipment. 

0023. Without limiting the invention, objects reflecting 
the model are referred to as “offline' versions. A plurality of 
such objects are referred as an "offline database.” Versions 
of the objects reflecting data downloaded to, and running on, 
the control system are referred to as “online' versions. A 
plurality of these are referred to as an “online database.” 

0024. Further aspects of the invention provide for the 
coordination/synchronization of the object versions and con 
trol of changes made to them. According to one Such aspect, 
the identity of an object (or version) and/or the address, 
pointers or other references thereof or thereto remain con 
stant during the lifetime of that object. As a consequence, for 
example, references to an object do not have to be updated 
each time an object is edited. 

0025. In related aspects, an object that has been “checked 
out' for editing or other modification, e.g., by a user, is 
locked from modification by other users. A copy of that 
object maintained for purposes of editing, e.g., in a user 
“workspace' database, can be locked from all access by 
other users. For these purposes, among others, the current 
and/or workspace versions of the object being edited can 
include a designation of the user who is making the modi 
fication. These locks can be released when editing is com 
pleted and the modified version is “checked in.” 

0026. On check-in, a modified version of an object 
replaces the current version which, itself, is retained as a 
prior historical version. The modified object or the current 
version it replaces are, according to aspects of the invention, 
marked to indicate the user responsible for the modification, 
as well as the modification made and the reason therefor, 
e.g., based on information input by the user. The versions 
can cross-reference one another, forming a doubly-linked 
list that allows traversal of the version tree for the object. 

0027. In related aspects of the invention, the online 
version of an object is updated for correspondence with a 
new version of an offline object, thereby synchronizing the 
online and offline databases. The object is compiled (or 
otherwise validated) and downloaded during this process, 
for operation on the control system. 

0028 Conversely, where an online version of an object is 
modified, aspects of the invention provide for generating a 
modified offline version that corresponds to it, e.g., via an 
“upload” procedure. That modified version can replace the 
then-current offline version of the object in the same manner 
discussed above. 

0029 Further aspects of the invention provide a configu 
ration system as described above that permit version “base 
lining, e.g., where all current objects in the off-line database 
are assigned a common version designation. 

0030 Still further aspects of the invention provide 
mechanisms for viewing or editing information pertaining to 
the changes recorded by a configuration apparatus of the 
type described above. 
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0031) This includes 
0032 listing of objects being modified, 
0033 recording changes made to objects, 
0034 recording reasons for changes to objects, 
0035 releasing locks on objects, 
0.036 checking-in objects that have been checked-out for 
modification, 

0037 viewing a version history of an object, 
0038 viewing a list of objects checked out by other users, 
0.039 comparing objects, 
0040 comparing versions of an object, 
0041 compacting a version history, 

(0042) marking objects with a common revision identifi 
Cat1OnS, 

0.043 archiving a model or its history of changes, and 
0044 generating an audit trail of changes. 
0045. Yet still further aspects of the invention provide 
apparatus as described above that provide for system con 
figuration on a computer that is disconnected from that on 
which the offline database resides. Changes made to that 
“disconnected database can Subsequently be merged into 
the offline (and online) databases. 
0046) Security Control 
0047 A configuration apparatus, according to further 
aspects of the invention, maintains a model comprising one 
or more objects that represent entities in the control system, 
a system controlled thereby, a control level hierarchy, and 
the apparatus for configuring the control system. Each of the 
objects has a plurality of characteristics such as, according 
to aspects of the invention, an object type characteristic and 
an area characteristic. Users can have corresponding per 
missions, e.g., to access objects of defined types and/or 
within specified areas. A security mechanism controls access 
by users, e.g., via applications programs such as editors, to 
the objects. The level of access, e.g., read-only vs. update, is 
a function of the multiple permissions held by the user and 
the multiple characteristics of the object Subject to access. 
0.048. By way of example, the security mechanism per 
mits a process engineer having appropriate permissions to 
create and maintain objects modeling control loops for any 
building in a manufacturing plant configured by apparatus. 
It may, however, permit a nighttime operator to access only 
loops within his own building and to modify only those in 
the area to which he/she is assigned. 
0049. Object types, according to aspects of the invention, 
identify objects exhibiting related appearance and behavior. 
This may relate to the appearance/behavior of the entity 
modeled by the object or to the object itself vis-a-vis the 
configuration apparatus. By way of example of the former, 
objects that model two respective application workstations 
may be of a common object type (i.e., a type indicating that 
they are applications workstations), notwithstanding that the 
workstations themselves have different physical character 
istics. 
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0050 Area characteristics, according to related aspects of 
the invention, identify locations in which any of the control 
system and the system controlled thereby are disposed. Area 
types can relate to, for example, plants, buildings or areas 
therein. Thus, for example, objects that model process 
control equipment in the same area of a plant may have the 
same area characteristic. 

0051. Object type characteristics and permissions, as well 
as area characteristics and permissions can, according to 
aspects of the invention form respective hierarchies. In a 
system so embodied, for example, a user having permissions 
for a designated area inherits permissions for any area 
contained therein, as defined in the hierarchy. 
0052 Further aspects of the invention provide configu 
ration apparatus as described above in which users are 
members of groups that, themselves, have assigned access 
permissions. A user can be a member of multiple groups and 
can have permissions afforded under any of them. Thus, for 
example, in a process control aspect of the invention, a given 
user can belong to both Process Engineer and Advanced 
Operator groups, thus, affording him/her access to any 
objects types and areas permitted for members of either 
group. 

0053. In related aspects of the invention, the groups form 
a hierarchy, with groups containing other groups, e.g., 
Operator group containing the Test Operator group. Each 
group holds the permissions of a group from which it 
descends, as well as any other permissions assigned, e.g., by 
the system administrator. 

0054. In still further aspects of the invention, a user can 
change his/her permissions, e.g., during the course of a 
session on the configurator. This is accomplished, for 
example, by activating specific permissions from among a 
listing of allowable permissible, e.g., presented in a dialog 
box. Thus, a user can to perform the majority of his/her daily 
operations with a default minimal security setting, then 
Switch to a more restrictive security setting. Alternatively, or 
in addition, a user can temporarily log-in as another user, 
e.g., as may be desirable to allow a Supervisor to intervene 
during a user's session, perform a restricted operation, then 
log-out and return security to its previous settings. 

0.055 Composite Blocks 
0056. A configuration apparatus, according to further 
aspects of the invention, maintains a model made up of 
objects that represent entities in the control system or the 
system controlled by it. Among the objects are composite 
objects made up of other objects of types suitable for 
inclusion in the model independent of the composite objects. 
The composite objects are defined by definition objects that 
can be changed, e.g., using an editor or other applications 
program. These changes carry through to the composite 
object, regardless of whether the changes are made after the 
composite objects are created. 

0057 By way of example, a configurator according to the 
invention adapted for process control maintains a model 
including a composite object made up objects representing 
control blocks. The model includes additional objects, some 
of which also model control blocks, but which are not 
included in the composite object. Changes to an object that 
defines the composite object carry through to that object, 
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even if the changes are made after the composite object is 
created and placed into the model. 
0.058. Further aspects of the invention provide a configu 
ration apparatus as described above in which the objects that 
make up the composite object (referred to here as "compo 
nent’ objects) have parameters reflecting characteristics of 
the respective entities those parameters represent. The char 
acteristics include, for example, inputs, outputs, alarm lim 
its, control functions and display characteristics. Each 
parameter can, in turn, have attributes Such as parameter 
name, parameter grouping, display label, data type, behav 
ior, help information, edit type, data value range, formula 
definition, display format, and so forth. 
0059) Selected parameters of a composite's component 
objects are exposed for connection to other objects in the 
model. An application, Such as a control strategy editor, 
executing within the configurator permits connection 
between the composite and other objects via those selected 
parameters. Conversely, such an application prevents exter 
nal connection with component object parameters that are 
not exposed and that, instead, service connections internal to 
the composite object. 

0060) Further aspects of the invention provide a process 
control apparatus having features like those described above 
comprising loop objects that are made up of control blocks 
objects. Parameters of the component objects can be selected 
for connection to objects Such as input/output points (e.g., 
associated with sensors and actuators) external to the com 
posite object. 

0061 Still further aspects of the invention provide a 
configuration apparatus as described above in which a 
composite object modifies a definition inherited from its 
associated definition object. This can be achieved via a 
modifier object that overrides one or more parameters Sup 
plied by control block or other objects that make up the 
composite object. 

0062 Yet other aspects of the invention relate to con 
figuration apparatus as described above in which the appli 
cation selectively displays the composite object in an encap 
sulated format or an expanded format. The former depict the 
object substantially with a single icon; the latter, with 
multiple icons that represent the respective composite's 
component objects. 

0063 Edit Selection 
0064. A configuration apparatus, according to further 
aspects of the invention, maintains objects that represent 
entities in the control system, the system controlled by it, a 
control level hierarchy and/or the configuration apparatus 
itself. At least a selected object includes an edit control type 
identifier. An editor or other functionality permits editing of 
at least the selected object. To this end, it presents the object 
for editing using an edit control that is based on the edit 
control type identifier. An edit control, according to aspects 
of the invention, includes a dialog box, list box, edit box, 
check box, or a combo box. It can also include a cell in a 
spreadsheet or property sheet. 
0065. By way of example, a configurator according to the 
invention adapted for process control maintains objects 
representing control blocks and other elements of the control 
system. A display presents a hierarchical listing of the 
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objects and permits a user to designate one for editing. When 
a user designates an object of interest, e.g., via a mouse click 
or other selection mechanism, an aspect of it is presented for 
editing using an edit control based on the edit control type 
identifier provided with the object. 
0066. According to related aspects of the invention, the 
edit control type identifier can directly indicate the edit 
control to be used in presenting the selected object for 
editing. Thus, for example, the identifier can be a numeric 
code corresponding to one of the foregoing edit control 
types. The edit control type identifier, moreover, can be 
selected from among several identifiers permissible for the 
selected object or other object with which it is associated. 
0067. To continue the example above, an editable aspect 
of the selected object can be list of values amenable to 
editing with a list box or check box. The object can include 
an edit control type identifier indicating that one of those 
formats (e.g., the list box) and not the other is to be used 
when the object is selected for editing. 
0068. Still further aspects of the invention provide a 
configuration system as described above in which at least the 
selected object has parameters identifying characteristics of 
the entity represented by the object. The characteristics 
include, for example, inputs, outputs, alarm limits, control 
functions and display characteristics. Each parameter can, in 
turn, have attributes Such as parameter name, parameter 
grouping, display label, data type, behavior, help informa 
tion, edit type, data value range, formula definition, display 
format, and so forth. 
0069. The editor or other such functionality of a configu 
rator according to still further aspects of the invention 
presents at least a selected attribute with an edit control 
identified by the edit control type identifier. That attribute 
can be, for example, the data value of the parameters. 

0070 Yet other aspects of the invention provide a con 
figurator as described above an edit control is populated with 
dynamically determined data. For example, a list box pro 
viding a list of workstations for selection by a user can be 
populated with identifiers of workstations present at the time 
the list box is displayed. Alternatively, or in addition, aspects 
of the invention provide for the display of non-dynamic or 
predetermined values in an edit, e.g., yes/no, true/false, etc. 
0071 Object Swapping 
0072 A configuration apparatus, according to further 
aspects of the invention, has a graphical user interface that 
graphically depicts objects representing entities in the con 
trol system, the system controlled by it, a control level 
hierarchy, and/or the apparatus for configuring the control 
system. An editor, or other functionality, that is coupled with 
the graphical user interface displays icons or other repre 
sentations of a first object and a second object. It responds 
to a selected user command by transferring characteristics of 
the first object to the second object. The command can be, 
according to one aspect of the invention, a drag-and-drop 
whereby an icon depicting the second object is graphically 
dragged and dropped onto an icon depicting the first object. 
0073. By way of example, a configurator according to the 
invention that is adapted for process control maintains 
objects representing control blocks and other elements of a 
control system. A graphical user interface, e.g., employed as 
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part of a control strategy editor, displays an icon depicting 
an IAS analog input block included in a control loop. An 
icon representing a Fieldbus Foundation analog input block 
is graphically dropped onto the first icon by the user. In 
response, the editor (or a configurator resource used by it) 
transfers characteristics from the object modeling the IAS 
analog input block to the object modeling the Fieldbus 
Foundation block, swapping the latter for the former and, 
thereby, facilitating configuration of the system. 

0074 Further aspects of the invention provide a configu 
ration system as described above in which the objects have 
parameters identifying characteristics of the entities repre 
sented by them. The characteristics include, for example, 
inputs, outputs, alarm limits, control functions and display 
characteristics. Each parameter can, in turn, have attributes 
Such as parameter name, parameter grouping, display label, 
data type, behavior, help information, edit type, data value 
range, formula definition, display format, and so forth. 
0075. A configurator according to these aspects of the 
invention can transfer parameters, attributes and/or values 
from the source object (representing the IAS analog input 
block in the example) to the destination object (representing 
the Foundation Fieldbus block in the second example) in 
response to the drag-and-drop operation. Transferred values 
can be converted, e.g., to compensate for differences in 
Scaling, units, and so forth, while they are being transferred. 
0.076 Further aspects of the invention provide a configu 
ration apparatus as described above that includes an editor 
facilitating specification of mappings and conversions used 
for the transfers. Such a “swap” editor can use dialog boxes 
or other edit controls, graphical displays, and so forth, to 
display permissible mappings/conversions stored in a 
“swap database or other data structure. 
0077 Configuration-Time Value Formulas 
0078. A configuration apparatus, according to further 
aspects of the invention, has a plurality of objects modeling 
entities in the control system or a system it controls. One or 
more of the objects have values that are represented by 
formulas. Others have values that are constants. Function 
ality is provided to download portions of at least selected 
objects to the control system. Object values that are con 
stants (numerical or otherwise) can be downloaded directly, 
e.g., after any appropriate scaling, compilation and/or con 
version, with the corresponding objects. The functionality, 
however, evaluates (or invokes evaluation of) values that are 
formulas prior to their being downloaded. Evaluation 
entails, according to aspects of the invention, changing the 
formulas into numerical or other constants. 

0079. By way of example, a configurator according to the 
invention that is adapted for process control maintains 
objects representing control blocks and other elements of a 
control system. One of the objects can have real-valued 
parameters including, e.g., a high alarm value, HAL, and a 
low alarm value, LAL. An editor can be used to set the 
former, HAL, to the constant 100.0. Rather than using a 
constant for the latter, LAL, the editor permits its entry as a 
formula, e.g., my. HAL 100.0. Whereas the HAL value is 
downloaded directly to the control system (e.g., with appro 
priate Scaling, compilation and/or conversion), the LAL 
formula is converted, prior to downloading, to 0.0 (i.e., the 
value of the same objects HAL parameter minus 100). 
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0080 Further aspects of the invention provide a configu 
ration apparatus as described above in which the formulas 
include mathematical operations, mathematical functions or 
references to characteristics of the same or other objects. 
The example above shows a formula that uses a mathemati 
cal operation and that refers to another characteristic of the 
same object. A formula can likewise refer to other objects, 
e.g., objects modeling blocks, compounds, loops input/ 
output tags, and other elements of a process control system, 
by way of non-limiting example. 
0081. Yet still further aspects of the invention provide 
configuration apparatus as described above that provide an 
editor for entry and editing of formulas. Such editor can 
facilitate the inclusion of objects, object characteristics or 
mathematical functions in formulas, e.g., via display of lists 
of choices. 

0082 Further aspects of the invention provide a configu 
ration system as described above in which the objects have 
parameters identifying characteristics of the entities repre 
sented by them. The characteristics include, for example, 
inputs, outputs, alarm limits, control functions and display 
characteristics. Each parameter can, in turn, have attributes 
Such as the aforementioned constant or fomulaic values, as 
well as parameter name, parameter grouping, display label, 
data type, behavior, help information, edit type, data value 
range, display format, and so forth. 
0.083 Parameterized Objects 
0084 An apparatus for configuring control systems 
according to further aspects of the invention employs objects 
(or other data and/or programming constructs) that inherit 
parameters from their ancestors. Changes to an ancestor 
during configuration are effective as to its descendant 
objects. A "configurator apparatus according to the inven 
tion can be used to model and define control algorithms for 
process control, environmental control, industrial and other 
control systems. 
0085 To illustrate by way of a non-limiting example, an 
apparatus according to the invention for use in configuring 
process control systems can employ an object to model a 
“conventional analog input (AIN) field device of the type 
used in a particular product. That object can include output, 
high-high alarm, high-low alarm and other parameters of the 
type used for modeling such devices. The apparatus can be 
used to define at configuration time a further object, one that 
models an analog input device for use in high-temperature 
environments. That object can descend from the general AIN 
object and inherit its parameters, e.g., the high-high alarm 
and high-low alarm parameters. Configuration-time changes 
to the parameters of the general AIN object can automati 
cally carry through to the high-temperature AIN object, thus, 
facilitating configuration of the process control system. 
0086) Objects used in apparatus according to these 
aspects of the invention can represent elements within a 
device, process or system being controlled or entities within 
the configuration apparatus itself. In process control, objects 
can represent, by way of non-limiting example, field 
devices, control devices, control processors, blocks, loops, 
compounds, historians, object type categories, object con 
nections, parameter connections, display placeholders, 
graphical display entities, and reports. They can also repre 
sent entities of a control level hierarchy, e.g., sites, areas, 
process cells, units, and the like. 
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0087 Parameters define characteristics of each object 
and, therefore, of the element or entity the object represents. 
Depending on the type of object, these include inputs, 
outputs, alarm limits, control functions and display charac 
teristics, among others. Each parameter can have attributes 
that define the parameter's value and other attributes. These 
include, for example, parameter name, parameter grouping, 
display label, data type, behavior, help information, edit 
type, data value range, formula definition, and display 
format. 

0088 Objects used by an apparatus according to the 
invention can be defined or modified without recompilation. 
This is, in part, because the parameters on which they are 
based can be assigned and modified during configuration 
and, in this regard, are analogous to data. To this end, 
apparatus according to the related aspects of the invention 
can include an editor that facilitates definition, during con 
figuration, of an association between an parameter and an 
object. The apparatus can further include editors or other 
functionality that permit an object to be defined as a descen 
dant of another object at the time of configuration. 
0089 An object so defined derives parameters from its 
ancestor which, in turn, derives parameters from its own 
ancestors, and so forth. Unless otherwise overridden, a 
change to the parameters of an ancestor object is effective as 
to its descendants, regardless of whether that change is made 
before or after the descendant is defined or instantiated. 
Thus, for example, the characteristics of an entire ancestral 
“family of objects can be changed, simply, by modifying 
the distant-most ancestor object. 
0090. To illustrate by way of a non-limiting example, an 
apparatus according to the invention for use in configuring 
process control systems can employ an object to model a 
“conventional analog input (AIN) field device of the type 
used in a particular product. That object can include output, 
high-high alarm, high-low alarm and other parameters of the 
type used for modeling such devices. The apparatus can be 
used to define at configuration time a further object, one that 
models an analog input device for use in high-temperature 
environments. That object can descend from the general AIN 
object and inherit its parameters, e.g., the high-high alarm 
and high-low alarm parameters. Configuration-time changes 
to the parameters of the general AIN object can automati 
cally carry through to the high-temperature AIN object, thus, 
facilitating configuration of the process control system. 
0091. Further aspects of the invention provide apparatus 
as described above in which an object can be associated with 
parameters other than those inherited from ancestors. Thus, 
for example, a high-temperature AIN object that inherits 
parameters from a general AIN object can be defined to 
include additional alarm parameters. Though definition of 
the additional alarm parameters does not affect the parent 
object (i.e., the general AIN object), it does carry through to 
children, grandchildren, etc., of the high-temperature AIN 
object. 
0092 Related aspects of the invention provide control 
system configuration apparatus as described above in which 
an object is associated with a parameter override or param 
eter modification. The former redefines attributes for param 
eters inherited from an ancestor object, while the latter can 
add entirely new parameters. Parameter overrides and modi 
fications carry through to descendants of an object to which 
they are applied. 

Sep. 14, 2006 

0093 Still further aspects of the invention provide appa 
ratus as described above in which the objects have param 
eters groups. These identify groupings of parameters and 
relate to how they are presented to the engineer or operator 
during configuration, e.g., for editing. As with parameters, 
the groupings are inherited and can be overridden. 
0094. By way of example, an object that models a general 
proportional-integral derivative (PID) control block can be 
associated with two parameter groups, A and B, where 
Group A contains parameters X and Y, while Group B 
contains parameters M and N. If edited during configuration, 
that object can appear with two sheets, one showing the 
parameters (X and Y) of Group A and one showing the 
parameters (M and N) of Group B. A new PID object can be 
defined that descends from the first object. The definition 
can add a new group, Group C, that contains parameters W 
and X. If edited during configuration, the new object appears 
with three sheets, one showing the parameters (X and Y) of 
Group A, one showing the parameters (M and N) of Group 
B, and one showing the parameters (W and X) of Group C. 

0095. Further aspects of the invention provide a control 
system as described above in which classes defining the 
aforementioned objects are downloaded from a manufactur 
er's site to an applications workstation, for example, as part 
of a contracted-for or e-commerce transaction, e.g., between 
the customer and the manufacturer. Objects instantiated 
from those classes can be edited or used as a basis for 
modeling and control system configuration. 
0096) Object Appearance 
0097 Improved apparatus for configuring process, envi 
ronmental, industrial and other control systems according to 
further aspects of the invention employ “appearance' 
objects (or other data and/or programming constructs) defin 
ing the appearance of configurable system components in 
graphical editors or other views in which the components 
may be depicted. “Placeholder objects (or other constructs) 
persist the location, size, color, or other aspects of appear 
ance defined by an appearance object in displays, reports, 
depictions, presentations and other view (collectively, here 
inafter, “views”) in which the corresponding configurable 
component is actually depicted. 

0098. By way of example, a process control configuration 
apparatus according to this aspect of the invention uses 
“configurable' objects to define blocks, loops and other 
components of a process control system. Appearance objects 
provide (or reference) icons or representations indicating 
how the configurable objects are to be depicted, e.g., in a 
configuration editor. Placeholder objects are created for each 
configurable object that is placed in a configuration using 
that editor. The placeholder objects identify the sizes, loca 
tions, colors, etc., of the icons used in the editor to represent 
the configurable objects. 

0099 Further aspects of the invention provide a configu 
ration apparatus as described above in which the appearance 
objects identify labels or other textual information, e.g., 
configurable object names or types, for display with icons or 
other appearance indictors in the appearance objects. 
According to related aspects of the invention, those labels, 
as well as the icons themselves, can be specified using 
macros. Thus, for example, an appearance object can include 
macro strings, such as “SNAME”, “STYPE”, “SICON”, that 
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are replaced Subsequent to configuration, e.g., with a con 
figurable object name, type and icon, respectively. 
0100. The invention provides, in other aspects, apparatus 
as described above in which each configurable object has 
one or more parameters that identify the appearance of that 
object in views in which it may appear. The parameters may 
refer to appearance objects (or other constructs) as described 
above or they may contain appearance information (e.g., 
icons and textual identifiers) themselves. 
0101 The configurable objects of such an apparatus can 
be associated with one another in a hierarchical relationship, 
Such that at least one such object is a descendant of another. 
Descendants, according to this aspect of the invention, 
inherit parameters from their ancestors. Accordingly, icons 
or other appearance information identified in a “parent 
configuration object is passed on to its children. Inherited 
information may be overridden, according to aspects of the 
invention. 

0102 Still further aspects of the invention provide appa 
ratus as described above comprising persistent documents 
that contain placeholder objects. Each persistent document 
may represent a specific configuration, e.g., created by a 
specific editor and displayed in accord with a selected view. 
Thus, for example, the configuration of a process control 
system may be represented in several documents, each 
edited by control algorithm diagram editor, covering differ 
ent portions of the system. 
0103) In addition to placeholder objects, the persistent 
document may contain connector graphics that depict rela 
tionships between configurable objects. In an apparatus used 
for configuring process control systems, such a graphic may 
indicate, for example, that one configurable object, e.g., 
representing an analog input block, is a source for another 
configurable object, e.g., representing a PID controller. Such 
connector graphics can represent peer-to-peer relationships 
(such as sourcelsink relationships), in addition to hierarchi 
cal relationships (such as parent/child relationships). 

0104 Further aspects of the invention provide apparatus 
as described above for configuring process control systems. 
In Such apparatus, configurable objects can, for example, 
represent entities within any of (i) a controlled process, (ii) 
the process control system, (iii) the apparatus for configur 
ing the process control system, (iv) a level in a control level 
hierarchy, such as the aforementioned S88 standard. Such 
entities include, by way of non-limiting example, field 
devices, control processors, blocks, loops, compounds, his 
torians, object type category, display placeholders, graphical 
display entities, and reports. 

0105 Connection Validation and Configuration 
0106 Improved apparatus for configuring process, envi 
ronmental, industrial and other control systems according to 
further aspects of the invention employ “connection” objects 
(or other data and/or programming constructs) that indicate 
the permissibility of relationships between other types of 
objects. The apparatus validate potential relationships 
between those other objects by comparing their types with 
the permissible combinations identified in connection 
objects. 

0107 Those other objects can, for example, represent 
entities within any of (i) a controlled system, (ii) a control 
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system, (iii) an apparatus for configuring the control system, 
(iv) a control level hierarchy. Such entities include, by way 
of non-limiting example, field devices, control processors, 
blocks, loops, compounds, historians, object type category, 
display placeholders, graphical display entities, and reports. 
0108) An apparatus as described above can be used, for 
example, to facilitate configuring a process control system. 
Using a graphical user interface, a user can "drag-and-drop' 
an object that models one system component (e.g., a printer) 
onto an object that models another component (e.g., an 
applications workstation), indicating that the user wishes to 
establish a relationship between those two objects. Through 
the connection objects, the apparatus validates that relation 
ship and determines its type—in this case, a parent/child (or 
other hierarchical) relationship. 
0.109. By way of further example, the apparatus can use 
connection objects to validate relationships that are peer-to 
peer in nature, i.e., Source/sink relationships. To illustrate, 
the user of can select objects that represent field devices and 
indicate (e.g., via a drag-and-drop operation, a menu option 
or other command) that she wishes to establish a relationship 
with an object that represents a control processor. The 
apparatus can validate that relationship, and determine its 
type (i.e., source/sink), by comparing the proposed combi 
nation against permissible pairings in the connection 
objects. 
0110 Object types can be hierarchical, according to fur 
ther aspects of the invention. For example, a user-defined 
analog input (AIN) object type can be defined as hierarchi 
cally descending from a standard AIN type. Likewise, a 
specific class of personal computer can be defined as 
descending from branches of a hierarchy indicating that it is 
Subcategory of applications workstation and, more particu 
larly, a subcategory of WindowsTMNT workstation 
0111. An apparatus according to the invention can utilize 
this object type hierarchy in validating relationships between 
objects. Thus, for example, a relationship proposed by the 
user can be validated if the implicated objects or their 
hierarchical ancestors are identified as permissible pairings 
in a connection object. 
0112 Further aspects of the invention provide apparatus 
as described above in which the connection objects specify 
roles that objects serve in actual or potential relationships. 
Those roles can include, for example, a source or sink in a 
Sourcelsink relationship, or a parent or child in a parent/child 
relationship. 

0113. In still further aspects, an apparatus as described 
above can utilize the connection objects to identify the 
maximum capacity of an object that serves as a "parent to 
support objects that serve as "children” in a parent/child 
relationship. The connection objects can likewise identify 
the weight (or other quantitative attribute) each child object 
contributes in its role in Such a relationship. An apparatus as 
described above can similarly utilize the connection objects 
to identify the minimum and maximum numbers of rela 
tionships that can be established with sources or sinks in 
Sourcelsink relationships. 
0114. By way of example, a connection object may 
indicate that a control processor object type can serve as a 
parent to a specified number of field devices. As the user 
establishes relationships between a control processor object 
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and multiple field device objects, the apparatus totals 
weights associated with the latter. If the combined weight 
exceeds the parent control processor's specified capacity, the 
apparatus prevents establishment of the relationships. 

0115 Yet still further aspects of the invention provide 
apparatus as described above in which the first connection 
object identifies not only permissible relationships between 
object types, but also actual relationships between specific 
objects. 

0116. According to further aspects of the invention, 
aspects of the invention pertain to configuration apparatus 
paralleling those described above, in which connection 
objects identify permissible combinations of parameter 
types (as opposed to, or in addition to, object types) that can 
form valid parent/child and sourcelsink relationships. 
0117 Such apparatus can automatically establish param 
eter-to-parameter connections of selected objects by com 
paring the types of those parameters with valid pairings 
identified in a connection object. To continue the above 
example, once a relationship is validated between AIN and 
PID objects and once the nature of that relationship (source/ 
sink) is determined, an apparatus according to this aspect of 
the invention can form a connection or relationship between 
the PNT (point) output of the AIN object and the MEAS 
(measurement) input of the PID object. 
0118. Such apparatus can also validate parameter-level 
relationships identified by an operator, e.g., in a drag-and 
drop operation. Thus, for example, using a graphical user 
interface, a user can "drag-and-drop' a parameter of one 
object (e.g., the parallel output of an object representing an 
applications workStation) onto the parameter of another 
object (e.g., the parallel input of an object representing a 
printer), indicating that the user wishes to establish a rela 
tionship between those two objects. Through the connection 
objects, the apparatus validates that relationship and deter 
mines its type—in this case, a source? sink relationship. 
0119) Still further aspects of the invention provide appa 
ratus as described above in which establishment of certain 
connections (e.g., “master connections) between param 
eters automatically causes others (“slave' connections) to be 
established. By way of example, once a connection is 
established between the PNT parameter of an AIN object 
and the MEAS input parameter of a PID object, “slave' 
connections are made between related parameter pairs (e.g., 
low and high scale parameters) of these objects. Slave 
connections are automatically updated or destroyed when 
the corresponding master connection is updated or 
destroyed. 

0120 Still further aspects of the invention provide com 
binations of the systems and apparatus described above. 

0121. Yet still further aspects of the invention provide 
methods for paralleling the operations described above. 

0122) These and other aspects of methods and apparatus 
according to the invention are evident in the drawings and in 
the description below. 

0123 Methods and apparatus according to the invention 
have numerous advantages over the prior art. Among these 
is the ability to quickly, flexibly and accurately design and 
modify control configurations. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0.124. A more complete understanding of the invention 
may be attained by reference to the drawings, in which: 
0.125 FIG. 1 depicts a a digital data processing environ 
ment of the type in which the invention is practiced; 
0.126 FIG. 2 depicts a process control system of the type 
with which the invention is practiced; 
0.127 FIG.3 depicts control algorithm configurator com 
ponents in a system according to the invention; 
0.128 FIG. 4 depicts component interaction in a system 
according to the invention; 
0129 FIG. 5 depicts an IDA framework object model in 
a system according to the invention; 
0.130 FIG. 6 depicts an object model notation used in 
this application; 
0131 FIG. 7 depicts a parameterized object model in a 
system according to the invention; 
0.132 FIG. 8 depicts parameter group inheritance in a 
system according to the invention; 
0.133 FIG. 9 depicts a parameterized object example in 
a system according to the invention; 
0.134 FIG. 10 depicts the creation of a parameter list in 
a system according to the invention; 
0.135 FIG. 11 depicts a parameter definition editor in a 
system according to the invention; 
0.136 FIG. 12 is a parameter editor example in a system 
according to the invention; 
0.137 FIG. 13 depicts object types in a system according 
to the invention; 
0.138 FIG. 14 depicts an object type hierarchy in a 
system according to the invention; 
0139 FIG. 15 depicts the creation of new object types in 
a system according to the invention; 
0140 FIG. 16 is a type awareness example in a system 
according to the invention; 
0.141 FIG. 17 depicts a connection object model in a 
system according to the invention; 
0.142 FIG. 18 depicts a parameterized object override 
endpoint triad in a system according to the invention; 
0.143 FIG. 19 depicts an object connection type object 
model in a system according to the invention; 
014.4 FIG. 20 is an example of simultaneous parent/child 
object connectivity in a system according to the invention; 
0145 FIG. 21 depicts a parameter connection type object 
model in a system according to the invention; 
0146 FIG. 22 is an example of simultaneous source/sink 
parameter connectivity in a system according to the inven 
tion; 
0147 FIGS. 23-25 are parent/child connectivity 
examples in a system according to the invention; 
0.148 FIG. 26 is a source/sink connectivity example in a 
system according to the invention; 
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014.9 FIG. 27 depicts an appearance object model in a 
system according to the invention; 
0150 FIG. 28 is an appearance definition example in a 
system according to the invention; 
0151 FIG. 29A depicts a placeholders object model in a 
system according to the invention; 
0152 FIG. 29B depicts a combined appearance and 
placeholder object model in a system according to the 
invention. 

0153 FIG. 30 depicts a MFC document/view architec 
ture in a system according to the invention; 
0154 FIG. 31 depicts an IDA application class architec 
ture in a system according to the invention; 
0155 FIG. 32 depicts an IDA documentarchitecture in a 
system according to the invention; 
0156 FIG. 33 depicts IDA hierarchy classes in a system 
according to the invention; 
0157 FIG. 34 depicts IDA view classes in a system 
according to the invention; 
0158 FIG. 35 depicts IDA frame classes in a system 
according to the invention; 
0159 FIG. 36 depicts a sheet templates object model in 
a system according to the invention; 
0160 FIG. 37 depicts a sample use of macros in sheet 
template in a system according to the invention; 
0161 FIG.38 depicts a sheet template editor in a system 
according to the invention; 
0162 FIG. 39 depicts an IDA report manager object 
model in a system according to the invention; 
0163 FIG. 40 depicts the application of filter rules to 
POC in a system according to the invention; 
0164 FIG. 41 depicts a filter editor in a system according 
to the invention; 
0165 FIG. 42 depicts a composite report template editor 
in a system according to the invention; 
0166 FIG. 43 depicts a report editor in a system accord 
ing to the invention; 
0167 FIG. 44 depicts organizational folders in a system 
according to the invention; 
0168 FIG. 45 depicts version control basic concepts in a 
system according to the invention; 
0169 FIG. 46 depicts an object check out in a system 
according to the invention; 
0170 FIG. 47 depicts an check in a system according to 
the invention; 

0171 FIG. 48 depicts a revision editor in a system 
according to the invention; 
0172 FIG. 49 depicts a create revision dialog box in a 
system according to the invention; 
0173 FIG. 50 depicts parameterized object versions in a 
system according to the invention; 
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0.174 FIG. 51 depicts a version control object model in 
a system according to the invention; 
0.175 FIG. 52 depicts a version history in a system 
according to the invention; 
0176 FIG. 53 depicts an object compare utility in a 
system according to the invention; 
0177 FIG. 54 depicts an historical archive with playback 
macro in a system according to the invention; 
0.178 FIG.55 depicts performing a macro playback in a 
system according to the invention; 
0179 FIG. 56 depicts a sample audit trail report in a 
system according to the invention; 
0180 FIG. 57 depicts an undo manager object model in 
a system according to the invention; 
0181 FIG. 58 depicts an users and security object model 
in a system according to the invention; 
0182 FIG. 59 is an users and groups example in a system 
according to the invention; 
0183 FIG. 60 is a process area and assignable objects 
example in a system according to the invention; 
0.184 FIG. 61 depicts a IDA permissions hierarchy in a 
system according to the invention; 
0185 FIG. 62 depicts a switch group/user capability in a 
system according to the invention; 
0186 FIG. 63 depicts managing groups in a system 
according to the invention; 
0187 FIG. 64 depicts assigning users to groups in a 
system according to the invention; 
0188 FIG. 65 depicts groups, object types and permis 
sions in a system according to the invention; 
0189 FIG. 66 depicts managing process areas in a sys 
tem according to the invention; 
0.190 FIG. 67 depicts groups and process area permis 
sions in a system according to the invention; 
0191 FIG. 68 depicts a system tree view in a system 
according to the invention; 
0.192 FIG. 69 depicts a block definition editor in a 
system according to the invention; 
0193 FIG. 70 depicts a block definition classes in a 
system according to the invention; 
0194 FIG. 71 depicts a simple loop in a system accord 
ing to the invention; 
0.195 FIG. 72 depicts a composite block definition in a 
system according to the invention; 
0.196 FIG. 73 depicts a composite block in loop in a 
system according to the invention; 
0.197 FIG. 74 depicts an expanded composite block in 
loop in a system according to the invention; 
0198 FIG. 75 depicts a block with connections in a 
system according to the invention; 
0199 FIG. 76 depicts the anatomy of a block placeholder 
in a system according to the invention; 
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0200 FIG. 77 depicts a block connection dialog in a 
system according to the invention; 
0201 FIG. 78 depicts template/definition internal con 
nections in a system according to the invention; 
0202 FIG. 79 depicts template/definition exposed con 
nections in a system according to the invention; 
0203 FIG. 80 depicts a parameter property sheet in a 
system according to the invention; 
0204 FIG. 81 depicts a composite block property sheet 
in a system according to the invention; 
0205 FIG. 82 depicts a parameter formula builder in a 
system according to the invention; 
0206 FIG. 83 depicts control object derivations in a 
system according to the invention; 
0207 FIG. 84 depicts a block object model in a system 
according to the invention; 
0208 FIG. 85 depicts a modifier block object model in a 
system according to the invention; 
0209 FIG. 86 depicts a modifier block parameter over 
ride precedence in a system according to the invention; 
0210 FIG. 87 depicts a composite block definition object 
model in a system according to the invention; 
0211 FIG. 88 depicts a loop template object model in a 
system according to the invention; 
0212 FIG. 89 depicts a simple loop object model in a 
system according to the invention; 
0213 FIG. 90 depicts a composite block object model in 
a system according to the invention; 
0214 FIG. 91 depicts a template derived loop object 
model in a system according to the invention; 
0215 FIG. 92 depicts object placeholder derivations in a 
system according to the invention; 
0216 FIG. 93 depicts persistent document object deri 
Vations in a system according to the invention; 
0217 FIG. 94 depicts a PLB to ladder relationship in a 
system according to the invention; 
0218 FIG. 95 depicts a ladder editor view in a system 
according to the invention; 
0219 FIG. 96 depicts ladder objects in a system accord 
ing to the invention; 
0220 FIG. 97 depicts persistent document objects; in a 
system according to the invention; 
0221 FIG. 98 depicts a PLB block model in a system 
according to the invention; 
0222 FIG.99 depicts a block execution scheduler editor 
in a system according to the invention; 
0223 FIG. 100 depicts a station statistics dialog in a 
system according to the invention; 
0224 FIG. 101 depicts a block execution editor object 
model in a system according to the invention; 
0225 FIG. 102 depicts a tag list data entry screen in a 
system according to the invention; 
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0226 FIG. 103 depicts a tag list import from ASCII file 
in a system according to the invention; 
0227 FIG. 104 depicts a tag list export to ASCII file in 
a system according to the invention; 
0228 FIG. 105 depicts a tag list import/export from 
database table in a system according to the invention; 
0229 FIG. 106 depicts a tag list object model in a system 
according to the invention; 
0230 FIG. 107 depicts download target selection in a 
system according to the invention; 
0231 FIG. 108 depicts a download manager document 
object in a system according to the invention; 
0232 FIG. 109 depicts a download services object model 
in a system according to the invention; 
0233 FIG. 110 is an historian assignment overview in a 
system according to the invention; 
0234 FIG. 111 depicts an individual compound assign 
ment in a system according to the invention; 
0235 FIG. 112 depicts an historian object model in a 
system according to the invention; 
0236 FIG. 113 depicts an enclosure group view in a 
system according to the invention; 
0237 FIG. 114 depicts an enclosure loading view and tag 
assignment dialog in a System according to the invention; 
0238 FIG. 115 depicts an enclosure input/output termi 
nation view in a system according to the invention; 
0239 FIG. 116 depicts an enclosure loading model in a 
system according to the invention; 

0240 FIG. 117 depicts an enclosure definition detail 
model in a system according to the invention; 
0241 FIG. 118 depicts persistent document objects in a 
system according to the invention; 
0242 FIG. 119 depicts an IDA main application archi 
tecture in a system according to the invention; 
0243 FIG. 120 depicts a typical IDA generic editor 
frame in a system according to the invention; 
0244 FIG. 121 depicts IDA & OLE compound docu 
ments in a system according to the invention. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATED EMBODIMENT 

0245 FIG. 1 depicts a digital data processing system of 
the type with which apparatus and methods according to the 
invention may be practiced. The illustrated system is par 
ticularly adapted for use in connection with process control, 
as discussed further below. However, those skilled in the art 
will appreciate that apparatus and methods according to the 
invention can be used in connection with other control 
systems. In this regard, processes 12A, 12B can represent 
any industrial, manufacturing, service, environmental or 
other process, device or system amenable to monitoring or 
control (hereinafter, collectively, “control'). 
0246 The system of FIG. 1 includes a workstation 11 
that is coupled to one or more controllers 10A, 10B on which 
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reside process control systems for monitoring and/or con 
trolling one or more processes 12A, 12B. These may rep 
resent independent processes or different aspects of the same 
or related processes. Moreover, the processes 12A, 12B may 
reside within a single plant, site or area, cell or unit or, 
conversely, they may dispersed among many plants, sites, 
areas, cell or units. 
0247 Workstation 11 represents an engineering worksta 
tion, personal computer, mainframe computer or other digi 
tal data processing device Suitable for operation in accord 
with the methods described herein for purposes of modeling 
a control system and configuring controllers 10A, 10B or 
other control or controlled apparatus in accord with the 
teachings herein. In a preferred embodiment of the inven 
tion, workstation 11 is an engineering workstation or per 
Sonal computer executing the Windows NT operating sys 
tem. Though illustrated as being carried out on workstation 
11, those skilled in the art will appreciate that the modeling 
and configuration functions described herein can be 
executed on suitably configured controllers 10A, 10B (e.g., 
those having Sufficient processing power and interfaces to 
provide the graphical and other configuration functions 
described herein). 
0248 Server 16 represents an optional additional source 
of classes defining objects for modeling a control system and 
for configuring controllers 10A, 10B (or other control or 
controlled apparatus) in accord with the teachings herein. 
This can include, for example, a retail store, warehouse or 
other distribution point of CDROMs, diskettes or other 
magnetic medium on which Such classes are stored. In a 
preferred embodiment, however, it represents a digital data 
processor that functions as a server, e.g., maintained by a 
manufacturer or other distributor, from which such classes 
can downloaded to workstation 11, e.g., as part of an 
e-commerce transaction, for configuration prior to down 
loading to controllers 10A, 10B. 
0249 Network 14 provides a communications medium 
permitting the downloading of control algorithms and other 
configuration information to controllers 10A, 10B, e.g., 
from workstation 11. It can also of provide a medium for 
uploading information from controllers 10A, 10B to those 
other digital data processors 11, 16. Still further, it can 
provide a medium for communications, real-time or other 
wise, between the controllers 10A, 10B and other devices, 
e.g., workstation 11 and server 16. Though illustrated to 
represent a LAN, WAN, or global network (Internet), those 
skilled in the art will appreciate that element 14 may 
represent any medium or mechanism through which control 
algorithms and other information may be transported, elec 
tronically, physically or otherwise, to and from controllers 
10A, 10B. 
0250) An exemplary control process 12A is illustrated in 
greater detail in FIG. 2. It shows a process including valve 
18 that governs the rate of fluid flow to aeration tank 20 
which, in turn, transfers the liquid to storage tank 22. Field 
devices, i.e., sensors 24 and 26, monitor the state of process 
12A and, thereby, facilitate its control by process control 
system 28 operating on controller 10A. Thus, sensor 24 is 
disposed in or adjacent to tank 20 for measuring the tem 
perature of fluid therein, while sensor 26 measures the flow 
of fluid from aeration tank 20 to storage tank 22. 
0251 FIG. 2 further illustrates a control algorithm 28 of 
the type that can be configured by methods and apparatus 
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according to the invention. The algorithm 28 is exercised by 
controller 10A to control process 12A. The algorithm 28 
includes blocks or other entities 29, 30, 32, that model field 
devices, control devices and other elements within process 
12A and that monitor and/or control the states and interac 
tions between those entities. 

0252 Entities 29, 30, 32 comprise software components 
which may include, by non-limiting example, source, inter 
mediate or executable code, databases, of the type conven 
tionally used in the art for operating controllers, field 
devices, control devices and other process control equip 
ment. Referenced in this regard in the discussion below are 
Software components, and process control systems in gen 
eral, marketed as the I/A Series(R systems (hereinafter, 
“IAS or "I/A) available from the assignee hereof. Those 
skilled in the art will appreciate that methods and apparatus 
according to the invention can be used to model processes 
and configure control algorithms for use with other control 
systems, as well. 
0253) Described below is a system, alternately referred to 
as the IDA Control Algorithm Configurator, the Configura 
tor, IDA, and the like, according to one embodiment of the 
invention for use modeling and configuring control pro 
cesses. Referring to FIG. 3, the Configurator includes a 
Framework, a Database, a project manager and a set of 
editors. The Framework provides common resources, such 
as menus, toolbars, dialogs, and security services, used by 
the editors to manipulate, display and report configuration 
data stored in the IDA database. In one preferred practice of 
the invention, the IDA Control Algorithm Configurator and 
Framework are packaged as a single application. This soft 
ware package can be installed on either a stand-alone PC, 
workstation (e.g., element 11 of FIG. 1) or other digital data 
processor, e.g., running Windows NT or any other Suitable 
operating system. 
0254 The editors are used by the implementation creator 
to create and maintain standard control scheme definition 
objects distributed with the implementation and by users to 
create their own plant control schemes. The Project Manager 
allows the user to browse through the project configuration 
hierarchies and data. Interactions among the editors and the 
project manager/navigator are shown in FIG. 4. 
0255 The database forms part of an object oriented 
database management system (OODBMS), which may be 
any type commercially available in the marketplace. The 
database can be deployed in a client/server configuration 
with a single centralized database per plant servicing mul 
tiple clients, or otherwise. It resides on the workstation 11, 
e.g., or on a digital data processor coupled therewith. 

Part 1—Framework Classes 

1 IDA Framework Object Model 
0256 FIG. 5 presents the primary component parts of the 
overall IDA Framework object model. The model may be 
broken into two major areas: 

0257) 1. Parameterized Objects. 

0258 2. Framework Services, which are provided in 
order to allow controlled access to those objects, and 
how they might be used to display, print and otherwise 
manipulate Parameterized Objects. 
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0259. In the discussion that follows object classes and 
their various associations are represented in the manner 
shown in FIG. 6. 

1.1 Objects and Parameters 
0260 Almost all objects in IDA are parameterized i.e., 
their type is determined by the parameter set they support, 
and the data that these objects represent is contained within 
their associated parameters. Parameterized objects have the 
capability to inherit their parameter set from another Param 
eterized Object which acts as the definition for the new 
object. A Parameterized Objects definition is, itself, a 
Parameterized Object. 
0261) Using Parameters to define an objects type, and 
the data associated with it, provides the following capabili 
ties: 

0262 Parameters represent data—they arent com 
piled-in behavior. 

0263 Parameterized Objects support data inherit 
ance—a Parameterized Object inherits its structure and 
default values from its defining object. 

0264. Any object can override the default value of 
various attributes of an associated Parameter. Referred 
to as parameter instantiation by exception, only the 
Parameter attributes that differ from their defaults are 
instantiated, and attached to the object. 

0265 Parameters associated with a Parameterized 
Object can also be changed by the application of a 
modifier object, effectively overriding the default val 
ue(s) of any matching Parameters. 

0266. A change to a Parameter in a Parameterized 
Object acting as a definition is reflected in all the 
Parameterized Objects that are derived from the defin 
ing Parameterized Object. 

0267 Parameterized Objects can extend their defini 
tion by adding additional Parameters. 

0268 Parameters are organized into groups, each 
group containing logically-related Parameters. Groups 
can be pre-defined and/or defined by the user. 

0269 Given the complex nature of Parameterized 
Objects and their parameter sets, a simple interface for the 
developer is provided in which it appears that a Parameter 
ized Object consists of a self-contained, cohesive set of 
parameters when in reality, data inheritance, parameter 
overrides, and modifications are all acting together to deter 
mine final parameter values. 
1.1.1 Object Model 
0270. The overall object model for Parameterized 
Objects, and Parameterized Object Collections is depicted in 
FIG 7. 

1.1.1.1 Parameterized Object 
0271 A Parameterized Object is a persistent object. The 
parameters associated with a Parameterized Object are both 
locally defined (as depicted in the object model) and inher 
ited. The locally defined parameters are those defined by the 
Parameter Definition objects. The inherited parameters are 
those that are inherited through an association to another 
Parameterized Object typically serving as a definition. 
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0272 A Parameterized Object has an ordered one-to 
many association with the Parameter Definition object. 
This represents the set of locally defined parameters 
which “belong to, and ultimately define, this object. 

0273 A Parameterized Object maintains a list of 
parameter overrides, in the form of Parameter Value 
and/or Parameter Override objects. Parameter Value 
objects are used to override the actual parameter value, 
and other important attributes such as high and low 
limits. Parameter Override objects are used to override 
all other editable parameter attributes. Only inherited 
parameters are overridden—locally defined parameters 
simply have the appropriate attribute value changed 
within the associated Parameter Definition. 

0274) A Parameterized Object has an association to 
another Parameterized Object from which it inherits 
parameters. It is a Zero-or-one association, and is 
referred to as its Definition, or parent, Parameterized 
Object. If a Parameterized Object does not have a 
definition, then it is considered to be a root Parameter 
ized Object. A root Parameterized Object defines all of 
its parameters, not relying on another object to inherit 
them from. If a Parameterized Object has a Definition 
Parameterized Object association, then the Parameter 
ized Object is a derived Parameterized Object. The 
derived Parameterized Object gets its parameters by 
inheriting them from the defining object and by adding 
its own through local Parameter Definition associa 
tions. 

0275 AParameterized Object maintains a list of other 
Parameterized Objects that inherit its parameters. A 
Parameterized Object whose parameters are inherited 
by other parameterized objects is referred to as a 
Definition, or parent, Parameterized Object. There is no 
limit as to the number of objects for which a Param 
eterized Object can act as a definition. 

0276 A Parameterized Object maintains an ordered 
list of Parameter Groups associated with it. This asso 
ciation gives the Parameterized Object an ordered set of 
labels to put on the tabs of the Parameterized Objects 
property page tabs while being edited, or on tabs at the 
top of the Parameterized Object editor. Parameter 
Groups, in turn, maintain an association with Zero or 
more Parameter Definitions. 

0277. The Parameter Definition order maintained by 
the Parameterized Object applies across all Param 
eter Groups that the parameters belong to. In other 
words, if parameter A comes before parameter B in 
the association between Parameterized Object and 
Parameter Definition, then A will preferably appear 
before B whenever the two parameters are displayed 
in the same group. 

0278 A Parameterized Object may be contained 
within a parameterized object collection object, which 
may be either a single- or multiple-collection instance 
of Parameterized Object collection. In turn, parameter 
ized object collections may contain Zero or more 
parameterized objects. 

0279 An instance of Parameterized Object may be 
associated with Zero or more other Parameterized 
Objects that are referred to as Modifier Parameterized 
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Objects. The Parameter Values in the Modifier Param 
eterized Objects are used to override the parameters of 
the Parameterized Object. An instance of a Parameter 
ized Object can have zero or more of these modifiers to 
modify their parameters. If an object has more than one 
modifier, the modifications are made in the order that 
the modifier objects were applied, with the resulting 
overrides representing the accumulative effect of hav 
ing applied all the modifications. 

0280 The Framework provides the method(s) nec 
essary in order to determine the behavior of a modi 
fier object. By default, the Parameter Values in the 
Modifier which arent associated with any Parameter 
Definitions (local or inherited) of the object being 
modified are ignored. However, there may be cir 
cumstances under which a developer needs to have 
all Parameter Definitions applied to the object being 
modified, potentially adding new parameters to the 
object. 

1.1.1.2 Parameterized Object Collection Classes 
0281 A Parameterized Object Collection is just that—a 
collection of one or more Parameterized Objects. Applica 
tions programs can add or delete elements from the collec 
tion, and iterate through it. Parameterized Object Collections 
have the ability to support multiple collections. For example, 
a loop could collect both blocks and connections, whereas a 
compound could have a separate collection of blocks for 
each control Zone. 

0282 Consequently, the Parameterized Object Collection 
classes have been separated into two classes, each of which 
will be able to support many different collection types, 
which include Lists (insert after/before), Arrays (indexed 
access, and “null locations), and possibly Maps (or Dic 
tionaries). These collection classes are: 

0283 1. Single-Collection. Instances of this class con 
tain a single collection, presented as a single ordered 
list of objects. 

0284 2. Multiple-Collection. Instances of this class 
contain multiple, named collections. These named col 
lections are references to instances of collections (i.e., 
instances of the Contained Collections) which are man 
aged by the Multiple-Collection instance. Each collec 
tion within a Multiple-Collection object can be a dif 
ferent type (for example, a list and an array). 

1.1.1.3 Parameter Definition 

0285) The Parameter Definition object defines the values 
for the attributes in a parameter. Even though it is only 
directly associated with one Parameterized Object, it may 
indirectly belong to many other Parameterized Objects via 
the parameter inheritance mechanism described in the dis 
cussion on Parameterized Objects. 
0286 The parameter object consists of a set of attributes. 
The attribute set is compiled-in behavior, and the value of 
each attribute is changed as needed to satisfy the require 
ments of the associated Parameterized Object. A Parameter 
Definition does not exist alone, but only in the context of a 
Parameterized Object. 
0287. In the illustrated embodiment, the minimum 
attribute set for a Parameter Definition is as follows: 
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0288 Name The unique identifier for accessing the 
parameter within a Parameterized Object. There cannot 
be more than one parameter in a Parameterized Object 
with the same name. This is the name used when 
downloading the parameter to a target machine. 

0289 Group A list of Parameter Groups which this 
parameter belongs to. 

0290 Label An internationalizable string used to label 
the Parameter in the user interface. 

0291 Data Specifies the data type of the Parameter. 
Integer, float, boolean, and 

0292 Type string are examples of a data type. Depend 
ing on implementation, the length of the data can be 
either an attribute of the data itself or of the Parameter 
Definition. Can also be implemented via sub-classes of 
Parameter Definition. 

0293 Behavior Specifies a set of behaviors the Param 
eter exhibits. Examples include whether the parameter 
could be edited or associated with another Parameter. 
This can be implemented as a bitmask. 

0294 Help Specifies internationalizable help associ 
ated with the particular Parameter Definition. The help 
consists of both a verbose and terse version. The 
verbose version is used by the help system and the terse 
version is used for Such things as short messages and 
tool tips. 

0295 Edit Specifies a specific control type used to edit 
the value attribute 

0296 Control associated with the Parameter Defini 
tion. This edit control type is 

0297 Type used by any application editing this param 
eter, whether it is displayed in a property sheet, or in a 
spreadsheet format. 

0298 Range Specifies a range of valid values for the 
Value attribute. 

0299 Value Specifies the value of the Parameter. This 
value is type specific which is specified by the type 
attribute. 

0300 Formula Provides a placeholder to contain the 
user-provided formula for Parameter Definitions which 
have their Value attribute determined by a formula. 

0301 Format Specifies a C-printf type specification for 
displaying the value attribute. 

0302) The Parameter Definition object has a many 
to-many association to the Parameter Group object. 
A Parameter Definition can belong to many groups, 
allowing the parameter to be displayed in multiple 
tabs on a Parameterized Object property sheet. The 
order of parameters within any Parameter Group is 
determined by the ordering maintained by the 
Parameterized Object. 

0303. The Parameter Definition object has a many 
to-one association to the Parameterized Object. 
Although it may be inherited by several Parameter 
ized Objects, a Parameter Definition belongs directly 
to (locally defined by) one and only one Parameter 
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ized Object. A Parameterized Object contains an 
ordered set of Zero or more Parameter Definitions. 

1.1.1.4 Parameter Value 

0304 An instance of the Parameter Value object is cre 
ated whenever specific attributes of a Parameter Definition 
instance are overridden—namely, value, high range and low 
range. Any other attribute of a Parameter Definition which 
is overridden is specified by a Parameter Override object. It 
is important to note that a Parameter Value exists by excep 
tion only—in other words, it exists only if the associated 
Parameter Definition is overridden by a Parameterized 
Object located “down the ancestral tree from the Param 
eterized Object where the Parameter Definition was origi 
nally defined. Overrides of a locally defined Parameter 
Definition simply replace the appropriate value within the 
Parameter Definition itself. 

0305 A Parameter Value is associated with one, and 
only one, Parameter Definition, by name. Attributes of 
the same Parameter Definition, however, may be over 
ridden by multiple Parameter Values when viewed in 
the context of the Parameterized Object hierarchy 
chain. 

0306 The final value of any parameter attribute is 
determined by traversing the Parameterized Object 
hierarchy back to the objects root, then sequentially 
applying overrides (and/or modifiers) appropriately 
going forward down the object's hierarchy chain. 

0307 Each Parameterized Object maintains a list of 
Zero or more Parameter Value objects. This list repre 
sents the set of locally defined value overrides associ 
ated with this Parameterized Object. 

1.1.1.5 Parameter Override 

0308 The Parameter Override object is used by a Param 
eterized Object to override attributes of inherited parameters 
other than value, high range, and low range. Attributes 
which are typically overridden using this object include 
which parameter groups a parameter belongs to, format, and 
help strings. 

0309 AParameter Override object is derived from the 
Parameter Value class. As such, it inherits all the 
behavior and attributes of the Parameter Value class in 
terms of existing by exception only, and how the final 
value of attributes modified within a Parameter Defi 
nition are determined. 

0310 A Parameter Override has a “special relation 
ship to Parameter Groups, in that one of the attributes 
of a Parameter Definition is a string containing all of 
the names of the groups which that parameter belongs 
to. In this relationship, the same Parameter Override 
may specify many Parameter Groups. In turn, the same 
Parameter Group may be referenced by several Param 
eter Overrides, resulting in a many-to-many relation 
ship. As with other relationships dealing with Param 
eter Values and Overrides, this one is resolved by 
parameter name. 

1.1.1.6 Parameter Group 
0311. The parameter set that defines the structure of a 
Parameterized Object is segregated into named Parameter 
Groups. These groups are directly related to the tabs con 
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tained within the property sheet for the Parameterized 
Object when it is edited, as well as the tabs visible on the 
Parameterized Object editor. Each parameter defined in an 
object belongs to one or more Parameter Groups. 

0312 Parameterized Objects inherit their Parameter 
Groups in the same way they inherit Parameter Definitions. 
As depicted in FIG. 8, a Parameterized Object may add 
additional groups to the inherited list. The order of Param 
eter Groups, and the parameters within those groups, is also 
inherited, and is determined by the ordered list of parameters 
maintained by the Parameterized Object hierarchy chain. 

0313. In FIG. 8, an object Foxboro PID is associated 
with two groups, A and B. Group A contains two parameters, 
X and Y, while Group B contains parameters M and N. A 
new object is created, using Foxboro PID as its definition 
object. A new group, C, has been defined for My PID, which 
contains parameters W and X. A new parameter, Z, has been 
added to the inherited group, A. 

0314. When the object My PID is edited, a property 
sheet with three tabs appears. The tabs are labeled A, B and 
C. If the user edits group A, parameters X, Y and Z are 
shown, in that order. Note that if a change is made to the 
value for parameter X, and Switches to group C, the new 
value for X will be displayed. 

0315. The user can add new parameters (and define their 
order) to an inherited group, but not change the order of any 
of the inherited parameters contained in the group. All 
inherited parameters appear first on the property page, 
followed by the parameters which were added locally. 
Similarly, the user can add local groups, but cannot change 
the order of inherited groups when displayed on the property 
sheet. Local groups appear after inherited groups. 

1.1.2 A Simple Parameterized Object Example 

0316 The example in FIG. 9 shows how a parameter set 
of a simple Parameterized Object is constructed. Parameter 
ized object “Y” has an association to its definition “X”, and 
is modified by “Z”. A call to a method to retrieve on 
parameterized object “Y” (depicted as “GetParameters' in 
the example) results in the list of parameters as shown. 

0317. The Parameterized Object has the capability to 
construct a list of parameter objects that are associated with 
it. The parameter list for a Parameterized Object is com 
posed from two sources: the parameters that are inherited 
(including all overrides and modifiers, possibly in levels up 
the parameter inheritance tree), and the parameters which 
have been defined locally. FIG. 10 shows a instance model 
of the objects involved in constructing a parameter list for a 
simple Parameterized Object. 

0318 Listed below are the steps that a Parameterized 
Object takes when it is asked for a list of its parameters. Take 
note of step 2, which causes recursive behavior in that the 
inheritance tree is traversed all the way to the root Param 
eterized Object. The root Parameterized Object constructs a 
parameter list, finishes all 5 steps outlined below, and then 
returns that list to the next Parameterized Object down, and 
So, until the original calling Parameterized Object gets a list 
from step two. It then finishes steps 2, 3, 4, and 5 and the list 
is complete. 
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0319 Step Action 
0320 1 The application asks for the parameter list of a 
Parameterized Object. 

0321 2 If there is a definition object, traverse the 
inheritance tree in order to add its parameters to the list 
first (this continues back to the root definition object). 

0322, 3 If there are any Parameter Value and/or Over 
ride associations, then apply those to their respective 
inherited parameters in the parameter list. 

0323 4. If there are any Parameter Definition associa 
tions, then add those new parameters to parameter list. 

0324) 5 If there are any Modifier Parameterized Object 
associations, then apply their Parameter Definition 
associations as if they were Parameter Override asso 
ciations to their respective parameters in the parameter 
list. 

1.1.3 Framework User Interfaces for Parameterized Objects 

0325 Two user interfaces are supplied by the Framework 
for working with Parameterized Objects on a daily basis. 
The first user interface supplied by the Framework to 
manipulate Parameterized Objects is a generic Parameter 
Definition Editor, which could appear as shown in FIG. 11. 
The Parameter Definition Editor is an interface which allows 
Parameter Definitions to be created for a Parameterized 
Object. This interface will most likely be utilized by some 
one with administrative and/or Supervisory capability. 

0326 FIG. 11 provides a depiction of the Parameter 
Definition Editor. The Framework automatically provides 
the menu and toolbar services which the editor may need, a 
tabbed tree pane (shown on the left side of the figure), and 
a generic view pane which the application programmer can 
use for just about anything—e.g., a graphical "canvas', or a 
grid control able to display data in a spreadsheet-like format. 

0327. The second user interface is a generic Parameter 
Property Sheet mechanism which is used whenever anyone 
needs to edit the Value attribute of a parameter on any object. 
The property sheet can appear as FIG. 12. When the user 
double-clicks on a Parameterized Object, or in some other 
way activates an editing session on a Parameterized Object, 
a property sheet is created and displayed by the Framework. 
The individual property pages within the sheet correspond to 
each Parameter Group found to be associated with the object 
being edited. Each page, in turn, displays only those param 
eters which have been associated to the corresponding 
Parameter Group. 

0328. The current values of each parameter in the group 
are displayed, providing the user with the ability to change 
the values of configurable parameters, possibly creating 
Parameter Override objects. The “look-and-feel of each 
parameter value displayed on the property page is deter 
mined by the edit control type which was associated with the 
corresponding Parameter Definition. 

0329. Some parameter values (such as an entire sequence 
block) require something more Sophisticated in order to edit 
it. In these cases, a button containing an ellipses (. . . ) 
appear next to the field, and when pressed, display the 
appropriate editor. In the event that a Parameter value is 
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derived from a user-specified formula, the formula is also 
displayed, and allowed to be changed, on the property page. 
1.2 Object Types 

0330 All configurable objects have an associated classi 
fication, or type, which they inherently belong to. An 
objects type is used to classify what it is, and is used 
primarily to segregate objects into groupings of objects 
exhibiting similar appearance and behavior (e.g., an AW70 
and AW51, although both application workstations, have 
different physical characteristics which necessitates distin 
guishing between them at configuration time. Thus, multiple 
instances of AW70's would each have a unique identifier in 
the configuration, but each would have a type of AW70). 

0331. As used here and hereinafter, the symbols AwXXX, 
where XXX is a number, identifies an applications worksta 
tion available from the assignee hereof. The Foxboro Com 
pany, or other digital data processing apparatus. The term 
FBM or symbol FBMXXX, where XXX is a number, identifies 
a field device available from The Foxboro Company, or 
other field device for use in process control. The term CP 
refers to a control processor or other digital data processing 
apparatus Suited for that function. 

0332 The Framework provides methods to return an 
objects type to the application. This type information may 
be used for a number of reasons, including: preliminary 
lookup to see if two objects can establish a connection; 
satisfy a search which uses a type filter, display of type 
information on an object's placeholder. 

0333. The concept of type may be further abstracted into 
the concept of type category, which is a broader classifica 
tion of type. Several object types may belong to the same 
category (e.g. an AW70 and AW51 both belong the category 
Application WorkStation). All objects in the same category 
exhibit the same general behavior as that defined by that 
category. For example, an FBM would be an object type 
category, whereas an FBM02 and FBM04 are examples of 
specific object types. 

0334 Consequently, it is convenient to think of object 
types as being contained within a type hierarchy. Each 
branch in the hierarchy would correspond to an object type 
category, whereas the leaves, or endpoints, of each branch 
would correspond to specific object types. The remainder of 
this section will present the data model, with examples, of 
this type hierarchy for IDA. 

1.2.1 Object Model 

0335 The object model used in the illustrated embodi 
ment to support the concept of object types is shown in FIG. 
13. 

1.2.1.1 IDA Type 

0336. This abstract base class is used only as a place 
holder for containing data and methods common to all 
“type-ish' classes. The only one shown in the illustration is 
Object Type, but this can be expanded to include other types 
Such as Parameter Type, etc. 
1.2.1.2. Object Type 

0337. An objects type is used to classify what it is i.e., 
all objects of the same type have the same appearance, and 
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behave identically, differentiated only by minimal differ 
ences in associated data (e.g. name, ID, etc.) which is used 
to uniquely identify them. 
0338. The Object Type class is hierarchical—the 
branches of the hierarchy represent type categories, with the 
leaves, or endpoints, of the hierarchy being actual object 
types with which objects are associated. Instances of Object 
Types are Parameterized Objects, and may only be directly 
associated to a single type category (i.e., a specific object 
type cannot belong to more than one type category). Note, 
however, that even though an object type can only be 
directly associated with one type category, it may indirectly 
be associated with several type categories depending upon 
where it is in the type hierarchy. Every instance of Object 
Type has a pointer back to its containing type category, 
regardless of whether it’s acting as a simple object type, or 
a type category itself. 
0339 All instances in the Object Type hierarchy are able 
to act as collections of Typed Objects. That is, each Object 
Type is able to maintain a list of all Typed Objects which are 
directly associated with the type itself. For example, all 
instances of an AIN block will contain a pointer back to the 
AIN instance of Object Type. In turn, the AIN instance of 
Object Type will maintain a list of all instances of AIN 
blocks in the configuration. This containment is meant to be 
only one level deep in other words, there is no need for I/A 
Block, the containing instance of AIN, to also maintain a list 
of all AIN blocks (although nothing in the design would 
prevent it, if desired). 
0340 Additionally, each instance of the Object Type 
hierarchy which serves as a reference for a Typed Object 
requires a definition reference to the defining Parameterized 
Object which defines that Typed Object. This relationship 
provides quick access to the definition object when a sym 
bolic representation of that definition is dragged and 
dropped into a view. For example, if the user clicks and 
drags an AOUT definition (either from the System Hierar 
chy, or from a library template) to a view, then drops it, this 
relationship provides access to the Parameterized Object 
which actually defines an AOUT block so that it can be 
created quickly. 
0341 Since an Object Type which can be referenced by 
a Typed Object requires a reference to the defining Param 
eterized Object, only those instances in the Object Type 
hierarchy be used to serve as the collection point for those 
same types of objects as they are created. If an Object Type 
doesn’t have a defining reference, is not a container of Typed 
Objects. 

0342. The Object Type class is an abstract class—no 
instances of Object Type may exist in the database. Sub 
classes of Object Type are the implementation-standard 
Object Type class, and the User-Defined Object Type class. 
The Object Type class contains those methods common 
between the two Subclasses, e.g. methods used to Support the 
hierarchical relationship(s) in the type hierarchy, the con 
tainment relationship to Typed Object class, and the refer 
ence to its associated definition Type Object instance. 
0343 Summarizing relationships: 

0344 An instance of an Object Type is directly asso 
ciated with one, and only one, other ObjectType in the 
type hierarchy, and may represent either a type cat 
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egory, or an actual object type, depending upon where 
it resides in the hierarchy. For example, in the hierarchy 
Module->FBM->FBM04, object types Module and 
FBM represent type categories, and FBM04 represents 
an object type. 

0345 The Object Type class is an abstract class, and 
instances of this class cannot exist. An instance of an 
Object Type is preferably either a User-Defined Object 
Type, or a implementation-standard Object Type. 

0346. The Object Type class is hierarchical, with 
branches representing type categories, and leaves being 
object types. The hierarchy is restrictive—that is, an 
implementation-standard Object Type is preferably 
contained within a implementation-standard hierarchy, 
whereas a User-Defined Object Type can appear virtu 
ally anywhere in the hierarchy (but ultimately also 
contained within a implementation-standard type cat 
egory). 

0347 Instances of the Object Type class contain a 
reference to their containing type category. 

0348. Instances of the Object Type class which can 
serve as a reference for a Typed Object maintain a list 
of all the Typed Objects of that same type which exist 
in the configuration. 

0349 Those same instances of the Object Type class 
maintain a reference to the Parameterized Object which 
is capable of acting as the defining object for creating 
Typed Objects of that type. 

0350 FIG. 14 depicts an example of how the object type 
hierarchy can appear in IDA. As mentioned previously, 
within the type hierarchy, branches form type categories, to 
which one or more object types belong. In the example 
shown in FIG. 14 are all examples of type categories. Within 
the category Block Types, AIN Block, AOUT Block, and 
PID Block are examples of implementation-standard object 
types, and User-X Block Types is an example of a user 
defined object type. 
1.2.1.3 Implementation-Standard Object Type 

0351 All objects which can be typed inherently belong to 
one Object Type (or type category)—that is the implemen 
tation-standard Object Type. Additionally, these objects may 
also optionally be associated with a User-Defined Object 
Type. 

0352 Each instance of implementation-standard Object 
Type defined in the database may be specified as the inherent 
type for one or more configuration objects. All Implemen 
tation-standard Object Types have a direct association with 
a type category, which is preferably also be Implementation 
standard. In other words, a Implementation-standard Object 
Type may not be associated with a user-defined type cat 
egory. 

0353 All Implementation-standard Object Types have 
three additional attributes—they are: configurable—all 
instances of this object type are able to be configured in an 
I/A configuration; assignable—all instances of this object 
type are able to be assigned to a process area; and down 
loadable—able to be realized (as an entity) on a target 
platform. Whether an object type is configurable, assignable 
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and/or downloadable is determined at the time the instance 
of the Implementation-standard Object Type is created. 
0354 Summarizing relationships: 

0355 The Implementation-standard Object Type class 
is a subclass of Object Type. 

0356. An instance of a Implementation-standard 
Object Type is inherently associated with one or more 
instances of Typed Object (e.g., there can be many 
instances of an FBM04 in the configuration). 

0357 An instance of a Implementation-standard 
Object Type preferably belongs to a type category 
which is in the Implementation-standard Object Type 
hierarchy. In other words, going back along the type 
hierarchy chain from a Implementation-standard 
Object Type, one would only find Implementation 
standard type categories. 

0358 When created, an instance of a Implementation 
standard Object Type may be designated as needing to 
appear in the system hierarchy. 

1.2.1.4 User-Defined Object Type 
0359 Users may create their own, customized object 
types, which may be assigned to typed objects. The primary 
purpose of a User-Defined Object Type is to allow the user 
to create their own object classification system in the event 
that the set Implementation-standard Object Types doesn’t 
satisfy all their needs. 
0360 Summarizing relationships: 

0361 The User-Defined ObjectType class is a subclass 
of Object Type. 

0362 An instance of a User-Defined Object Type may 
be associated with one or more instances of Typed 
Object (e.g., there can be many instances of User X 
Block Type 1 in the configuration). This relationship is 
strictly optional, and User-Defined Object Types may 
exist without ever having been referenced by an object. 

0363 An instance of a User-Defined Object Type may 
appear anywhere in the type hierarchy. In other words, 
a User-Defined Object Type may be directly associated 
with eithera Implementation-standard, or user-defined, 
type category. 

0364. When created, an instance of a User-Defined 
Object Type may be designated as needing to appear in 
the system hierarchy. 

1.2.1.5 Typed Object 
0365 ATyped Object is a Parameterized Object which is 
able to be inserted into an I/A configuration, and is consid 
ered an integral part of the configuration, in Such a way that 
the configuration would be considered incomplete without 
it. Examples of typed objects include CPs. FBMs, blocks, 
loops, and compounds. Objects such as graphical objects 
used to enhance documentation would not be considered 
Typed Objects. 

0366 Typed objects inherently have an associated Imple 
mentation-standard object type. The fact that an object is 
configurable is determined by whether or not its inherent 

Sep. 14, 2006 

object type is or not. Typed Objects may also have a 
User-Defined Object Type associated with them, although 
this relationship is optional. 
0367 One further restriction: at creation, a Typed Object 

is prevented from associating with an Object Type (and 
thereby prevented from being created), unless that Object 
Type also references an associated defining Parameterized 
Object which acts as the definition for the Typed Object 
being created. In an alternate embodiment, when a Typed 
Object is created and a reference made to its associated 
Object Type, if that Object Type doesn’t have a reference to 
the defining Parameterized Object, it simply uses the one 
from the Typed Object itself. 
0368 Summarizing relationships: 

0369 The Typed Object is a subclass of Parameterized 
Object. 

0370. An instance of a Typed Object has an inherent 
Implementation-standard Object Type associated with 
it, which the user cannot modify, or change. This object 
type determines whether or not the Parameterized 
Object is configurable, assignable to a process area, 
and/or downloadable to a target system. 

0371. An instance of a Typed Object may have an 
optional User-Defined Object Type associated with it. 
This association is in addition to the Implementation 
standard Object Type. 

0372 There may be occasions where it would be desir 
able to change the type of an object, without having to delete 
the original object, then create an object of the correct type. 
One example of where this capability could be useful would 
be being able to change a station type after a configuration 
has already been created, and all associations and connec 
tions established (this happens often). An alternate embodi 
ment accordingly, permits the type of an object to be 
dynamically charged. 
1.2.1.6 Configuration 
0373 The Configuration class exists to serve as an entry 
point into the two primary hierarchies which comprise the 
configuration itself the System Hierarchy, and the Plant 
Hierarchy. These two hierarchies are, however, by no means 
mutually exclusive. The primary method(s) and data incor 
porated in this class exist to serve the establishment and 
maintenance of hierarchical relationships. Other configura 
tion-wide data and/or methods may also reside with this 
class. 

1.2.1.7 System Hierarchy 
0374. The System Hierarchy represents those objects 
which are contained within the configuration, and are orga 
nized by various categories, primarily object type. There are 
potentially several subclasses of System Hierarchy objects 
in the System Hierarchy itself. However, for present pur 
poses, only two of these subclasses are discussed: 

0375 Definition Hierarchy. This portion of the System 
Hierarchy deals with the display of definition objects, 
or those objects which act to define other Typed Objects 
(e.g., an AIN block definition). Within the Definition 
Hierarchy, definition objects may be organized in a 
number of libraries. These libraries are either imple 
mentation-standard or defined by the user. 
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0376 Components Hierarchy. This portion of the Sys 
tem Hierarchy deals with the display of actual instances 
of configured objects, and may not, themselves, act as 
definition objects. 

0377 All other subclasses within the System Hierarchy 
simply represent another view of existing configuration 
components. For example, a Network Hierarchy could dis 
play a view of the configuration from a System Definition 
point of view, showing a hierarchy of networks, nodes, 
stations. FBMs and other hardware. Since the only grouping 
of configuration objects in the current design is by object 
type, these Subclasses have to use the relationships specified 
in the Connections discussion in order to know what to 
display (i.e., by network, by location, etc.). 
0378. The primary reason that subclasses exist within the 
System Hierarchy is due to the differences in behavior when 
dealing with objects in each Subclass. For example, the act 
of dragging and dropping an object from the definition 
portion of the System Hierarchy results in the creation of a 
Typed Object of the proper type, whereas when an object 
from the components portion of the System Hierarchy is 
dragged and dropped, it results in that object being copied 
and placed in the view, or connected to another object, 
depending upon where it was dropped. 
0379 The visible portion of the System Hierarchy tree 
control actually consists of two types of elements: actual 
instances of System Hierarchy objects (of which there are 
very few), and derived (non-persistent) instances of tree 
control objects. Actual instances of the System Hierarchy 
may reference one or more instances in the Object Type 
Hierarchy. This relationship provides the mechanism by 
which the majority of the visible System Hierarchy is 
constructed dynamically as elements are “exploded by the 
user in the tree control. 

1.2.1.8 Plant Hierarchy 
0380 The Plant Hierarchy also represents those objects 
which are contained within the configuration, but are orga 
nized by location, rather than by type. This hierarchy rep 
resents another view of already-existing configuration com 
ponents, and may be constructed using a Subclass of System 
Hierarchy. 
1.2.2 Managing Object Types 
0381. The user can create a new instance of an Object 
Type by selecting “New’ on a pulldown menu within the 
definition portion of the System Hierarchy. Alternatively, a 
“New ObjectType' menu selection is available on any IDA 
application. However the user chooses to perform this task, 
the action can result in the display of a dialog box similar to 
that in FIG. 15. In this example, the user enters the new 
Object Type, and provides a description for the new type. 
Additionally, the user picks an already existing object type 
in the type hierarchy to act as its “template” type, or object 
type to be used to create from. The user can create a new 
object type from an existing one in two ways: 

0382 Copy. In this create method, the new object type 
is created by copying the existing object type, and is 
instantiated in the type hierarchy at the same level as 
the object type which was copied. 

0383 Derive. In this create method, the new object 
type is created by using an existing object type as its 
parent, thereby treating the old object type as a type 
category. 
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0384. In order to finish creating the new object type, the 
user additionally specifies such things as: 

0385 Configurable. Specifies whether or not all 
objects associated with this object type are able to be 
configured in terms of security (i.e., a user's access to 
an object is determined by the user's group access to 
the objects type). If an object type is not configurable, 
objects created which are associated with that object 
type will not be affected by security mechanisms. 

0386 Downloadable. Specifies whether or not all 
objects associated with this object type are download 
able to a hardware target. Note that this option will be 
dimmed, and not available for selection if the object 
type being described is a User-Defined object type. 

0387 Assignable to System Hierarchy. Determines 
whether or not an object is visible within the System 
Hierarchy when the hierarchy is viewed from the tree 
control. 

0388 Assignable to Process Area. Determines whether 
or not an object associated with this object type can be 
assigned to a process area. 

0389. To edit an existing instance of an Object Type, a 
dialog similar to the one shown in FIG. 15 is displayed, 
already populated with the information dealing with this 
object type (i.e., the configurable, assignable and/or down 
loadable flags checkboxes are selected appropriately). When 
an object type is edited, the only things that can be changed 
are the objects description, and whether or not the object is 
configurable, assignable and/or downloadable. Some of the 
attribute and assignable selections may be disabled when the 
object type is displayed, depending upon the settings of the 
object type's containing category. 

0390 To delete an instance of an Object Type in the 
hierarchy, the user must preferably explicitly decide to 
remove it. If the object being deleted is a type category, the 
user is informed, and asked if they wish to continue—if they 
confirm the delete, then everything in the type hierarchy 
from the object type downward is removed. 

1.3 Parameterized Object Connections 

0391) An IDA configuration consists not only of objects, 
but objects which are related to each other in a number of 
ways. These relationships may be physical (e.g. a serial 
connection between a serial printer and a station) or logical 
(e.g. a host relationship between an AP and a CP, or a 
collection point relationship between a block and an histo 
rian). These relationships are all called connections. 

0392 Establishing a connection actually requires two 
different levels of “hand-shaking between the two objects 
involved. Consequently, the Subject of connectivity is 
divided into two sections: 

0393 1. The first level represents the connectivity 
which is established between two objects. Although 
easy to envision (e.g. the connection between a block 
and a compound), there is no actual database associa 
tion which is actually created at the object level. 

0394 2. The second level represents the connectivity 
which is established between two parameters. The 
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database association is established at this level, and is 
the mechanism by which two objects establish a rela 
tionship. 

1.3.1 Type Awareness 
0395) Any Parameterized Object in IDA has an inherent 
Implementation-standard object type. This object type, in 
turn, has a direct relationship to a single type category, but 
may be indirectly related to several type categories. 

0396) In FIG. 16, an instance of an AW70X (with con 
trol) knows that its an AW70X, by virtue of the fact that 
AW70X is its inherent Implementation-standard object type. 
However, the instance is preferably also “aware” that it is 
also an AW70, NT Application Workstation, or control 
processor (here, identified as a “Z-Module.’ in reference to 
a control processor available from the assignee hereof. The 
Foxboro Company), going backward through the type hier 
archy. This awareness may be used in a number of ways, 
particularly when a process is dealing with the concept of 
object types at different granularities. For instance, when 
dragging a specific serial printer across a representation of 
the AW70X mentioned above, the printer may not “know 
that it can connect to an AW70X, but it may know that it 
could establish a connection to an NT Application Worksta 
tion. The Framework provides methods for allowing the 
application developer to “walk’ the type hierarchy tree in 
order to obtain the direct, and all the indirect, type categories 
which a specific object type is related to. 
1.3.2 Source/Sink vs. Parent/Child Relationships 
0397. A connection in IDA can describe a Source/Sink, or 
Parent/Child relationship between two objects. There are 
very subtle differences in the two types of relationships, but 
they are different enough to warrant separation of behavior. 
A Parent/Child relationship is typically used to model the 
relationship between two objects in a hierarchical, or con 
tainment relationship whereas a Source/Sink relationship is 
usually used in a peer-to-peer type of relationship. These 
differences are presented in the table below: 

Relation Data Data Description 

Parent Capacity Data represents the maximum combined “weight 
of the children which can be associated to that 
object. 

Child Weight Data represents the weight of a single instance of 
the child object. 

Source Min, Max Specifies the minimum and maximum number of 
connections to other objects, or sinks, which can 
be supported by that object. Supports the concept 
of a “fan-out capability. 

Sink Min, Max Specifies the minimum and maximum number of 
connections from other objects, or sources, which 
can be supported by that object. Supports the 
concept of a “fan-in' capability. 

0398 An example of a Parent/Child type relationship 
would be that of a CP to its connected FBMS. The CP acts 
as a parent in that it acts as a common control connection for 
all the FBMs which are physically connected to it. The CP 
is able to support a certain number of FBMs. Each FBM, in 
turn, acts as a child in that it relies on the CP to perform 
certain duties, and it contributes a specific weight toward the 
total capacity supported by the CP. 
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0399. In both Parent/Child and Source/Sink connections, 
the concept of fan-in and fan-out is valid. A fan-out con 
nection can be used to model a relationship in which the 
Source (parent) object Supports connections to one or more 
sinks (children) objects in the database. One example of 
such a connection type is a output (or “PNT) parameter on 
an AIN block and its associated output signal flows. The 
PNT parameter, acting as a source, would provide measure 
ment values to one or more input parameters (conventionally 
referred as “MEAS” or “SPT) in other blocks, each input 
parameter acting as a sink. 

1.3.3 Connection Object Model 

04.00 FIG. 17 depicts the classes used in the illustrated 
embodiment to support connectivity at the object level. This 
shows the model used to Support a source (parent) Param 
eterized Object, connecting to the sink (child) Parameterized 
Object. The model is not intended to suggest that two 
connectable parameters of the same object can’t be con 
nected together (i.e., the same Parameterized Object can be 
both source and sink at the same time). An example of when 
this might occur is a calculation output parameter (conven 
tionally referred to as “BCALCO) parameter acting as 
calculation input parameter (conventionally referred to as 
“BCALCI) parameter in the same I/A block. 
04.01 One aspect of the object model needs to be 
explained in order to understand it fully. When a Param 
eterized Object is created, no Parameter Override or End 
point objects exist. The Override and Endpoint objects only 
get created whenever a Connection is about to be estab 
lished. When a Connection is about to be established, the 
appropriate Parameter Override object and Endpoint object 
are instantiated, and as depicted in FIG. 18, these two 
objects each maintain a reference to their associated param 
eterized object, as well as to each other, allowing iteration 
over an objects connections from either direction. 
1.3.3.1 Connection 

0402. A Connection contains the data and methods that 
defines a relationship, or link, between two Parameterized 
Objects (or more specifically, between two connectable 
parameters). In an I/A relationship, a connection could can 
be used to model the logical relationship between two 
blocks, or the host relationship between two stations, etc. 

0403. In order to take into account the complex relation 
ships that a Connection can have with other classes (esp. 
Placeholder classes), a Connection is a Parameterized 
Object. This allows Connections to be primarily data driven, 
rather than compiled behavior, allowing the establishment of 
connections with new objects to be done in an easier fashion. 
For example, some Connections probably are not displayed 
in a graphical environment (Such as the relationship between 
an historian and its associated historizable points). Whether 
or not to display a Connection is, preferably, parameter 
driven. 

0404 A Connection in IDA can be a Parent/Child rela 
tionship, or a Source/Sink. In order to exist, a Connection 
preferably has exactly one Source (or Parent) Endpoint, and 
one Sink (or Child) Endpoint. However, the two endpoints 
may exist without a Connection having yet been established 
between them. As mentioned previously, the endpoints of 
the Connection will not be instantiated until the Connection 
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itself is about to be established. Conversely, endpoint objects 
remain persistent even after the associated Connection has 
been removed. 

04.05 Graphically, connections between two objects will 
be connected at the edge of the rectangular area representing 
each object. The system will also Support connections con 
nected to a point at the center of the object as well. 
Connections are represented by segmented polylines made 
up of alternating horizontal and vertical segments. The 
system also supports single segment lines representing an 
association. 

0406 Summarizing relationships: a Connection is a 
Parameterized Object; a Connection, if it exists, preferably 
has both a Source (or Parent) and a Sink (or Child) Endpoint. 
Note, however, that certain operations (e.g. selection state) 
deal with the Association, and only one (or none) of its 
associated Endpoints; a Connection has a relationship to an 
Association Placeholder. 

1.3.3.2 Connection Endpoint 
0407. A Connection Endpoint is an abstract class from 
which all connection endpoints are derived. No instances of 
this class may exist by themselves. The Connection End 
point contains a reference to the Parameter Override which 
is either the source (parent) or sink (child) parameter rep 
resenting one end of a connection. 
0408 Connection Endpoints provide a mechanism for 
associating the connection to the object. The endpoints relate 
the Connection to the Parameter Override to (or from) which 
the Connection is attached. Endpoints also relate the Con 
nection to the position (side/direction, or center) where the 
Connection is attached to the object. Each Connection 
Endpoint is described by two coordinates, the side of the 
object it is on, and the relative position of the endpoint along 
the side of the rectangle representing the parameterized 
object. This allows the endpoint to retain its relative position 
along the side, even if the object is resized. 
04.09 Connection Endpoints only come into existence 
whenever a connection between any two objects (or param 
eters) is about to be established. Once the Framework 
approves the creation of the connection, it instantiates the 
endpoint class instances, along the associated parameter 
overrides, inserting a reference to the parameterized object 
in each. 

0410 Connection Endpoints have a direct relationship to 
a Point Placeholder, allowing a depiction of the endpoint 
itself to be displayed on the screen. 
0411 Summarizing relationships: 

0412. The Connection Endpoint class is an abstract 
class, and no instances of it may exist in IDA. This 
class is further specialized into Source/Sink Endpoints, 
and Sink/Child Endpoints. 

0413 Each instance of a Connection Endpoint has a 
reference to a Point Placeholder. 

1.3.3.3 Source/Parent Endpoint 
0414. A Source (or Parent) Endpoint is the endpoint 
which is specific to the source (or parent) end of the 
Connection between two Parameterized Objects, and is a 
simple Sub-class of the abstract Connection Endpoint class. 
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The Parameterized Object maintains a list of its Source/ 
Parent Endpoints. The Source/Parent Endpoint can be the 
Source of several connections, Supporting “fan-out” connec 
tivity. The Source/Parent Endpoint may exist without a 
Connection to a Sink/Child Endpoint. 
0415 Summarizing relationships: 

0416. An instance of a Source/Parent Endpoint is asso 
ciated with one, and only one, Parameterized Object. 
The Parameterized Object, in turn, maintains a list of 
all Source/Parent Endpoints associated with it. 

0417. Each instance of a Source/Parent Endpoint may 
be associated with one or more Connections. This 
supports the concept of a “fan-out” relationship, which 
is valid for both Parent/Child as well as Source/Sink 
type relationships. 

0418. Each instance of a Source/Parent Endpoint is 
directly related to the connectable Parameter Override 
it represents. 

0419. The Endpoint object can support the concept of a 
reference counter, which represents the number of connec 
tions currently associated with it. 
1.3.3.4. Sink/Child Endpoint 
0420 A Sink (or Child) Endpoint is the endpoint which 

is specific to the sink (or child) end of the Connection 
between two Parameterized Objects, and is a simple sub 
class of the abstract Connection Endpoint class. The Param 
eterized Object maintains a list of its Sink/Child Endpoints. 
0421. The Sink/Child Endpoint may only be the sink 
(child) of a single connection. The Sink/Child Endpoint may 
exist without a Connection to a Source/Parent Endpoint. 
0422 Summarizing relationships: 

0423) A instance of a Sink/Child Endpoint is associ 
ated with one, and only one, Parameterized Object. The 
Parameterized Object, in turn, maintains a list of all 
Sink/Child Endpoints associated with it. 

0424. Each instance of a Sink/Child Endpoint may be 
associated with only one Connection. 

0425 Each instance of a Sink/Child Endpoint is 
directly related to the connectable Parameter Override 
it represents. 

1.3.4. Object Connection Type Object Model 
0426 FIG. 19 depicts additional classes used in the 
illustrated embodiment to support connectivity at the object 
level. 

1.3.4.1 Object Connection Type Specifier 
0427. The primary function of the Object Connection 
Type Specifier is to provide a list of Object Types to 
Parameterized Objects, allowing objects to be “extended 
such that they encapsulate the behavior of an object in terms 
of being a parent/child, or source/sink. The Object Connec 
tion Type Specifier is an abstract class from which four basic 
object connection type specifiers are derived: parent, child, 
Source and sink. 

0428 Each Object Connection Type Specifier is directly 
related to a Parameterized Object, and is used to help 
determine the nature of connectivity that the Parameterized 
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Object is allowed to participate in. The same Parameterized 
Object can act simultaneously as a parent (or source) and a 
child (or sink). This gives rise to the one-to-many relation 
ship between Parameterized Object and Object Connection 
Type Specifier shown in the model 
0429. In the example shown in FIG. 20, an Historian acts 
as a parent to all historized points associated with it, yet 
simultaneously acts as a child when discussed in terms of 
being associated with a software host. As used herein and 
throughout, a “historian' is a block or other functionality 
used to track parameter values during runtime operation of 
a process control system configured in accord with the 
teachings hereof. Each parameter so tracked is referred to as 
a “point,” a “historized point,' or the like. In the illustrated 
embodiment, the object type for a Historian is the same, no 
matter how many Object Connection Type Specifiers a 
Parameterized Object may be associated with. 
0430 Summarizing relationships: 

0431. The Object Connection Type Specifier class is 
used to relate instances of Parameterized Objects with 
Object Types 

0432 Each instance of an Object Connection Type 
Specifier subclass is directly related to the Object Type 
it represents. The same Object Type may be associated 
with one or more Object Connection Type Specifiers. 

0433 Each instance of an Object Connection Type 
Specifier subclass is directly related to the Parameter 
ized Object it represents. It is possible for the same 
Parameterized Object to be associated with more than 
one Object Connection Type Specifier. 

0434 Each instance of an Object Connection Type 
Specifier is referenced in one or more instances of the 
Object Connection Type class, with the added sense of 
whether or not the referenced specifier represents a 
Source/parent, vs. sink/child in a potential connection. 

1.3.4.2 Parent Object Connection Type Specifier 
0435 Parent Object Connection Type Specifiers extend 
the abstract Object Connection Type Specifier class to 
handle object types capable of fulfilling a parent role when 
connecting to another object. As such, they specify the 
capacity, or total weight, of all the child objects which they 
are capable of Supporting, and provide other functionality 
used by a parent object. 
0436 Examples of a Parent Object Connection Type 
Specifier would include a CP which has the capacity to 
support 48 FBMs in an I/A fieldbus relationship, an AP 
which allows two serial printers to be connected via a serial 
connection, or an historian able to support 4000 collection 
points. 
0437. In a preferred embodiment, any object capable of 
playing a parent role keeps track of the total “weight of the 
connections which have been established for each connec 
tion type it is able to Support. This value can be associated 
with the parameter associated with the endpoint of a con 
nection. 

1.3.4.3 Child Object Connection Type Specifier 
0438 Child Object Connection Type Specifiers extend 
the abstract Object Connection Type Specifier class to 
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handle object types capable of fulfilling a child role when 
connecting to another object. As such, they specify their 
weight which they will contribute to the total accumulative 
weight when connecting to a parent. Examples of Child 
Object Connection Type Specifiers include an FBM con 
necting to a CP, or a serial printer connected to an AP. Each 
connection causes the total accumulative weight for that 
connection type to be incremented by the child’s weight. 
Prior to actually establishing a connection, the Framework 
checks to ensure that the weight Supported by the parent 
object does not exceed its capacity for that connection type. 
If it does, the connection attempt will fail, and the applica 
tion program will be informed that the pending connection 
is no longer feasible. 

1.3.4.4 Parent/Child Object Connection Type Specifier 
Examples 

0439. The table below illustrates the data which needs to 
be considered at the object level for each valid parent/child 
connection—namely: 

0440 Capacity (This value specifies the total weight 
which the parent object type is able to support for the 
associated connection type); and 

0441 Weight (This value specifies the amount of 
capacity consumed whenever a child object of this type 
is attached to the parent). 

Parent Child 
Object Type Capacity Connection Type Object Type Weight 

Historian 4000 Historian Historizable Point 1 
CP40 48 Fieldbus FBM 1 
AW70 2 Serial Serial Printer 1 
IE32 4 Nest 1 x 8Cell 1 
APS1 unlimited Software Host CP40 1 

1.3.4.5 Source Object Connection Type Specifier 

0442 Source Object Connection Type Specifiers extends 
the abstract Object Connection Type Specifier class to 
handle object types capable of fulfilling a source role when 
connecting to another object. There are no additional data or 
methods beyond those provided by the Object Connection 
Type Specifier class. This Subclass provides consistency and 
flexibility during implementation. 

1.3.4.6. Sink Object Connection Type Specifier 

0443 A Sink Object Connection Type Specifier extends 
the abstract Object Connection Type Specifier class to 
handle object types capable of fulfilling a sink role when 
connecting to another object. There are no additional data or 
methods beyond those provided by the Object Connection 
Type Specifier class. The Subclass provides consistency and 
flexibility during implementation. 

1.3.4.7 Source/Sink Object Connection Type Specifier 
Examples 

0444 The table below illustrates the data which needs to 
be considered at the object level for each valid source/sink 
connection. 
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Source Object Type Connection Type Sink Object Type 

AIN 
PID 

PID 
AOUT 

Block Connection 
Block Connection 

1.3.4.8 Object Connection Type 
0445. Instances of the Object Connection Type class 
provide a means of establishing the outermost layer of 
connectivity between any two objects. This class is used to 
describe the “legal combinations of object types or type 
categories (i.e., Source/Sink vs. Parent/Child) which are able 
to form a connection. These connections can be physical 
(e.g. an electrical signal flow between a serial port and a 
serial device) or logical (e.g. a host relationship between an 
AP and a CP, or a collection point association between a 
block and an historian). 
0446. There are two relationships that each instance of an 
Object Connection Type has with the Object Connection 
Type Specifier class—one is used to specify the Source 
(parent) type, and the other is to specify the sink (child) type. 
In this way, the Object Connection Type class acts as a join 
table, relating two object types to determine whether there is 
a potential connection possible. This class is therefore used 
as an initial “filter to determine whether two objects are 
able to establish a connection before the more complex 
negotiation between two parameters is allowed to continue. 
0447. When examining instances of the Object Connec 
tion Type class to see if two object types can form a valid 
connection, the Framework may encounter more than one 
instance which satisfies the criteria. If this occurs, the user 
will have to manually resolve the ambiguity, and select the 
connection type being sought. 
0448 While making a determination as to whether two 
object types can connect together or not, the Framework 
takes into account the fact that instances of Object Connec 
tion Types may not go all the way "down to the object type 
level, but may specify type categories instead. In this 
manner, for example, a specific type of serial printer could 
be specified as being able to be connected to all NT 
application workstations, rather than specific types of NT 
stations. The Framework takes into account type “aware 
ness', which was discussed in a previous section, in order to 
accomplish this. 
0449 Summarizing relationships: 

0450 Each instance derived from an Object Connec 
tion Type contains references to two Object Types— 
one for a Source (Parent) Object Type, the other for a 
Sink (Child) ObjectType. These object types are paired 
together to determine whether a request to connect two 
objects together is “legal’, or valid, depending upon 
what types of objects they are. 

0451. The Object Connection Type class contains 
methods which, when given two object types, allows 
the application developer to determine which object 
type is acting as the source (parent) object, and which 
one is acting as the sink (child) object. 

0452. In order to efficiently implement type “awareness'. 
a bitmasking operation can be used, in which each unique 

22 
Sep. 14, 2006 

type category, as well as object type, gets assigned a unique 
bitmask value. By “oring all of the bitmasks together of all 
the type categories which an object belongs to, the matter of 
comparing an objects type bitmask with that of the types 
contained in each instance of the Object Connection Type 
class becomes a single operation, rather than a series of 
String compares. 

1.3.5 Parameter Connection Type Object Model 
0453 FIG. 21 depicts the classes used in the illustrated 
embodiment to support connectivity at the parameter level. 
Note that the class structure presented in FIG. 21 closely 
parallels that of the object connection type object model 
presented in FIG. 19. 
1.3.5.1 Parameter Type 
0454. The Parameter Type class is just that—a class used 
to describe all the various types of connectable parameters 
which can exist in I/A. Examples of Parameter Types 
includes serial ports, serial devices, analog input, analog 
output, historian hosts, and historizable points. Any “con 
nectable' parameter in I/A preferably has an associated 
Parameter Type. Summarizing relationships: 

0455 AParameter Type is a base class providing I/A 
with types of connectable parameters. No parameters 
will be allowed to be related to an endpoint in a 
Connection unless it is also represented by a Parameter 
Type found in an instance of this class. 

0456. Each Parameter Type may be associated with 
one or more Parameter Connection Type Specifiers, 
which provide additional information regarding con 
nectability for that specific Parameter Type. 

0457. The Parameter Type class can be implemented as 
another type category in the Object Type hierarchy. In this 
manner, any code developed to deal with object types (esp. 
if implementing bitmask operations) may also be used to 
deal with parameter types. 
1.3.5.2 Parameter Connection Type Specifier 
0458. The primary function of the Parameter Connection 
Type Specifier is to provide a list of Parameter Types to 
Parameter Definitions, and to fine-tune the “connectable 
ness' of that Parameter Definition with the connection. The 
Parameter Connection Type Specifier class is an abstract 
class, from which four basic parameter connection type 
specifiers are derived: parent, child, Source and sink. 
04.59 Each Parameter Connection Type Specifier is 
directly related to one or more connectable Parameter Defi 
nitions, and is ultimately used to describe the nature of 
connection that the parameter is allowed to participate in. 
The parameter to act simultaneously as a parent/source, and 
a child/sink, thus the one to many relationship between 
Parameter Override and Parameter Connection Type Speci 
fier. 

0460. In the example shown in FIG. 22, a MEAS param 
eter override acts as a source for other input parameters (e.g., 
a MEAS parameter in a REALM block), yet simultaneously 
acts as the sink when connected to a parameter Such as a 
PNT parameter in an AIN block. Note that the parameter 
type “MEAS is the same, no matter how many Parameter 
Connection Type Specifiers a parameter override may be 
associated with. 
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0461 Summarizing relationships: 

0462. The Parameter Connection Type Specifier class 
is used to relate instance of Parameter Overrides with 
Parameter Types. 

0463 Each instance of a Parameter Connection Type 
Specifier subclass is directly related to the Parameter 
Type it represents. The same Parameter Type may be 
associated with one or more Parameter Connection 
Type Specifiers. 

0464). Each instance of a Parameter Connection Type 
Specifier subclass is directly related to the Parameter 
Override it represents. It is possible for the same 
Parameter Override to be associated with more than 
one Parameter Connection Type Specifier. 

0465. Each instance of a Parameter Type Specifier is 
referenced in one or more instances of the Parameter 
Connection Type class, with the added sense of whether 
or note the referenced specifier represent a source/ 
parent, vs. sink/child in a potential connection. 

1.3.5.3 Parent Parameter Connection Type Specifier 
0466 Parent Parameter Connection Type Specifiers 
extends the abstract Parameter Connection Type Specifier 
class to handle parameters capable of fulfilling a parent role 
when connecting to another object. There are no additional 
data or methods beyond those provided by the Parameter 
Connection Type Specifier class. The subclass provides 
consistency and flexibility during implementation. 

1.3.5.4 Child Parameter Connection Type Specifier 
0467 Child Parameter Connection Type Specifiers 
extends the abstract Parameter Connection Type Specifier 
class to handle parameters capable of fulfilling a child role 
when connecting to another object. There are no additional 
data or methods beyond those provided by the Parameter 
Connection Type Specifier class. The subclass provides 
consistency and flexibility during implementation. 

1.3.5.5 Parent/Child Parameter Connection Type Specifier 
Examples 

0468. The table below presents some examples that have 
a parent/child relationship. 

Parent Parameter Type Connection Type Child Parameter Type 

Serial Port Serial Connection Serial Device 
Historian Logical Historian Historizable Point 
Parallel Port Parallel Connection Parallel Device 

1.3.5.6 Source Parameter Connection Type Specifier 
0469 Source Parameter Connection Type Specifiers 
extend the abstract Parameter Connection Type Specifier 
class to handle source-type endpoints of a connection. As 
Such, they will specify the minimum and maximum number 
of sinks with which they are able to establish a Connection. 
Examples of a Source Parameter Connection Type Specifier 
would be an I/O point in I/A, represented by the PNT 
parameter in a AIN block. The PNT parameter acts as the 
Source for signals flowing to one or more input parameters. 
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1.3.5.7. Sink Parameter Connection Type Specifier 
0470 Sink Parameter Connection Type Specifiers extend 
the abstract Parameter Connection Type Specifier class to 
handle sink-type endpoints of an association. As such, they 
will specify the minimum and maximum number of sources 
with which they are able to establish a connection. An 
example in I/A of a Sink Parameter Connection Type Speci 
fier would be a MEAS or SPT parameter in a PID block, 
either of which is able to receive signal input from another 
block. 

1.3.5.8 Source/Sink Parameter Type Specifier Examples 
0471. The table below presents some examples which 
that have a source? sink relationship. 

Source Sink 
Parm. Type MiniMax Connection Parm. Type MiniMax 

PNT 1/unlimited Block Connection MEAS 1f1 
PNT 1/unlimited Block Connection SPT Of1 
BCALCO 1f1 Block Connection BCALCI Of1 

0472. The “Min’ data associated with a Sink represents 
an optional/required feature, with a Zero (0) representing an 
optional connection, and a one (1) representing a required 
connection. 

1.3.5.9 Parameter Connection Type 
0473 Instances of the Parameter Connection Type class 
represent the innermost layer of associativity between any 
two objects. This class is used to describe the “legal 
combinations of parameter types which are able to form a 
connection. These connections can be physical (e.g. an 
electrical signal flow a serial port and a serial device) or 
logical (e.g. a collection point connection between a MEAS 
parameter and an historian). 
0474 There are two relationships that each instance of a 
Parameter Connection Type has with the Parameter Con 
nection Type Specifier class—one is used to specify the 
Source (parent) type, and the other is to specify the sink 
(child) type. In this way, the Parameter Connection Type 
class acts as a join table, relating two parameter types 
together to determine the connection endpoints. This class is 
therefore used as the final “filter to determine whether two 
objects are able to establish a connection. 
1.3.6 Establishing a Connection 
0475. The listing below represents the sequence of events 
which preferably occur before a Connection can be made 
between two parameters. This logic is used when an object 
is being "dragged' around the view, looking for a drop 
target. Additionally, this logic is valid whether the object 
being dragged is a potential Source/Parent in a relationship, 
or Sink/Child. 

Level 1–Object to Object 
Step Action Performed 

0476] 1 Click and begin "dragging object in view— 
cursor changes to a drag cursor. 

0477 2 Using the Object Connection Type Specifier of 
each object, check to see if there is any instances of the 
correct pairing in Object Connection Types. 
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0478 3 If an instance in Object Connection Types is 
found, then change cursor to indicate that the drop 
target is potentially valid, otherwise perform no action. 
If valid, retain the sense of which object is now acting 
as Source(Parent), and which one is acting as the 
Sink(Child), as well as the type of Connection being 
Sought. 

0479. If no instance is found, then cursor remains 
unchanged, and the user will not be allowed to drop 
the object. 

Level 2 Parameter to Parameter (Perform Only If Level 1 
Above Passed) 
Step Action Performed 

0480. 4. Iterate through instances of the Parameter 
Connection Type class to find the proper Source (Par 
ent) and Sink(Child) parameter types necessary to 
fulfill this connection. Note that there may potentially 
be several instances of the Parameter Connection Type 
class which satisfy the conditions imposed by the 
connection keep track of all of them since we’re not 
Sure yet what parameters the objects have. 

0481 5 For the Source(Parent) object, find the proper 
Parameter Definition based on the Source(Parent) 
parameter type found in step (4) above. 

0482 6 Perform the same action for the Sink(Child) 
object parameter definition using the Sink(Child) 
parameter type which was paired with the Source(Par 
ent) parameter type used in step (5) above. 

0483 7 Create the appropriate Parameter Override(s) 
with their associated Source(Parent) and Sink(Child) 
Endpoints (note that they may already exist from 
previous connection). 

0484 8. Create the instance of the Connection. If more 
than one connection is permissible, a preferred or 
default connection is automatically selected. 

0485 The final responsibility for establishing a connec 
tion between two objects rests with the methods responsible 
for negotiating the “handshake' between the two param 
eters. These methods check for adequate capacity on the 
Source(parent) object, and establish the actual connection 
instance itself. This code resides with the source object or 
the sink object. 
0486 Parameter-level connections can be automatically 
established as described in steps 4-8 above. 
0487. In addition, they can be established via direct 
operator intervention. Through a drag-and-drop operation, 
menu selection or otherwise, the operator identifies two 
parameters between which a connection is to be established. 
After verifying that a relationship can exist between the 
objects themselves (e.g., as described in steps 1-3, above), 
the Parameter Connection Type Specifier is checked to 
insure that the combination is permissible. If so, the neces 
sary Parameter Overrides are created. 
0488. In some embodiments, the creation of certain con 
nections between parameters causes other to be automati 
cally established. These are referred to as master and slave 
connections (or “connection propagation”). By way of 
example, once a connection is established between the PNT 
parameter of an AIN object and the MEAS input parameter 
of a PID object, related (or “slave') connections are made 
between related parameter pairs (e.g., low and high Scale 
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parameters) of these objects. These slave connections can be 
modified by the operator, as desired. Slave connections are 
automatically updated or destroyed when the corresponding 
master connection is updated or destroyed. Thus, for 
example, the destruction of a connection between the PNT 
parameter of an AIN object and the MEAS input parameter 
of a PID object automatically results in destruction of 
low-scale, high-scale and other parameter-level slave con 
nections between these objects. 
1.3.7 Connectivity Examples 

1.3.7.1 Parent/Child Connectivity Case #1 

0489 FIG. 23 depicts the connections between an His 
torian to all the historizable points which have been assigned 
to it. The following table depicts the connectivity data 
needed to Support these connections at the object level: 

Parent Child 
Object Type Capacity Connection Type Object Type Weight 

HISTORIAN 4000 Historian Connection AIN Block 1 
HISTORIAN 4000 Historian Connection PID Block 1 

0490 whereas this table depicts the connectivity data 
need to Support these connections at the parameter level: 

Parent Parameter Type Connection Type Child Parameter Type 

HISTORIAN 
HISTORIAN 

PNT 
MEAS 

Historian Connection 
Historian Connection 

0491. This example depicts how data can be structured to 
handle the parent/child situation where the child does not 
need to have a sense of which point it is (e.g., the MEAS 
parameter doesn’t need to know its the 2nd historized point 
in this example), simply that its connected the HIST param 
eter of the historian. This example also provides the means 
to establish a “fan-out” relationship for a parent/child con 
nection. 

1.3.7.2 Parent/Child Connectivity Case #2 

0492 FIG. 24 is similar to the first, except that now the 
Parameter Definitions have been provided in such a way so 
as to 'split the parameter representing two serial ports into 
two separate parameters, each parameter representing a 
single serial port. The following table depicts the connec 
tivity data needed to Support these connections at the object 
level: 

Parent Child 
Object Type Capacity Connection Type Object Type Weight 

AW7OA 2 Serial Connection BW 132 (Serial 1 
(NT Station) Printer) 
AW7OA 2 Serial Connection BW80 (Serial 1 
(NT Station) Printer) 
























































































































