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(57) ABSTRACT 

The invention provides improved methods and apparatus for 
workflow editing. Such methods and apparatus permit, for 
example, user-defined and/or other tasks to be combined in 
any combination or combinations to specify a workflow. The 
tasks can be linked for direct, serial processing and/or for 
conditional processing that includes branching and/or loop 
ing. The invention also improved methods and apparatus of 
workflow definition and processing with extensible actions. 
The invention provides, further, improved methods and appa 
ratus for workflow definition and processing which utilize 
workflow variables for communication of data and control 
information among tasks within a workflow. The invention 
provides, still further, improved methods and apparatus of 
workflow definition and processing with enhanced messag 
ing. The invention provides, still yet further, improved meth 
ods and apparatus for workflow definition and processing 
which permit definition of hierarchically enumerated data 
types and for definition of "plans' to collect, e.g., for storage, 
data such as the aforementioned hierarchical data types. 
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CONTEXT CONTROL MECHANISM FOR 
DATA EXECUTED IN WORKFLOWS OF 

PROCESS, FACTORY-FLOOR, 
ENVIRONMENTAL, COMPUTERAIDED 
MANUFACTURING-BASED OR OTHER 

CONTROL SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 10/414.264, filed Apr. 15, 2003, entitled 
“Context Control Mechanism for Data Executed in Work 
flows of Process, Factory-floor, Environmental, Computer 
Aided Manufacturing-based or Other Control System.” by 
George E. Bachman, et al., which claims priority to U.S. 
Provisional patent Application Ser. No. 60/372.770, filed Apr. 
15, 2002, entitled “Methods and Apparatus for Workflow 
Definition and Processing, both of which are incorporated 
herein by reference. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH ORDEVELOPMENT 

0002. Not applicable. 

REFERENCE TO AMICROFICHEAPPENDIX 

0003) Not applicable. 

BACKGROUND 

0004. The invention pertains to digital data processing 
and, more particularly, by way of non-limiting example, to 
automated workflow definition and processing. The invention 
has application, for example, in process control, environmen 
tal control, computer aided manufacturing, and other indus 
trial and non-industrial applications. 
0005 Automated workflow processing is increasingly 
common in today's manufacturing plants. Conventional solu 
tions provide general capabilities for interfacing plant equip 
ment to identify events and take specific responsive actions. 
However, those solutions provide for only rudimentary work 
flow definition and require special-purpose programs to 
model plant operations of complexity. The conventional solu 
tions, moreover, provide only limited interfaces, accepting 
data from and outputting data to only specific hardware 
devices and Software applications. 
0006. This runs counter to modern trends, wherein plant 
owners—and, more generally, all those who own or run pro 
cess control, environmental control, computer aided manu 
facturing, and other industrial and non-industrial applica 
tions—may wish to “mix and match’ hardware devices and 
software solutions. Thus, for example, different areas of the 
plant floor and, certainly, of an enterprise as a whole may use 
different process control, environmental control, computer 
aided manufacturing, and other industrial and non-industrial 
equipment. The same is true of software (whether it be for 
control, “back office' reporting and analysis, and/or other 
applications) used on the plant floor and/or by the enterprise. 
0007 Significantly, this also runs counter to a trend for 
increased data distribution and visibility. Continuing the 
above example, those who own or run process control, envi 
ronmental control, computer aided manufacturing, and other 
industrial and non-industrial applications, may wish to dis 
tribute data among different areas of the plant floor and/or 
within the enterprise as a whole, regardless of any existing 
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diversity of hardware and software used. They may wish to do 
this to improve control, as well as reporting and analysis, on 
the plant floor and/or by the enterprise. 
0008. An object of this invention is to provide improved 
digital data processing systems and methods. 
0009. Another object is to provide such systems and meth 
ods as are Suited to workflow definition and/or processing. 
0010. A further object is to provide such systems and 
methods as provide increased flexibility and workflow mod 
elling processing over conventional systems. 
0011. A still further object is to provide such systems and 
methods as facilitate the mixing and integration of hardware 
devices and/or Software solutions, e.g., whether for improved 
control, reporting, analysis, or otherwise, on a plant floor, in 
an enterprise, or otherwise. 
0012 Yet still another object of the invention is to provide 
Such systems and methods as facilitate data distribution and 
visibility, e.g., among hardware devices and/or Software solu 
tions, whether of diverse varieties or otherwise. 

SUMMARY 

0013 These are among the objects attained by the inven 
tion which provides, in one aspect, improved methods and 
apparatus for workflow editing. Such methods and apparatus 
permit, for example, user-defined and/or other tasks to be 
combined in any combination to specify a workflow. The 
tasks can be linked for direct, serial processing and/or for 
conditional processing that includes branching and/or loop 
1ng. 
0014 Related aspects of the invention provide such meth 
ods and apparatus as permit third-party (or unrelated) soft 
ware applications to be invoked as tasks, with their respective 
contexts defined by environmental variables, e.g., which are 
interfaced through an applications program interface (API). 
0015. Further aspects of the invention provide such meth 
ods and apparatus which accept and process factory-floor or 
other process control, environmental control, computer aided 
manufacturing, and other industrial and non-industrial appli 
cation data, regardless of its source. Related aspects of the 
invention provide for enhanced definition of data sources, 
data sinks and other tags. 
0016 Still further related aspects of the invention provide 
Such methods and apparatus wherein workflow editing is 
performed graphically, e.g., using panes that are organized 
hierarchically or otherwise. Yet still further aspects of the 
invention provide for definition of the workflow utilizing a 
graphical programming metaphor. Related aspects of the 
invention provide for graphical definition of information 
flow among tasks and to/from other applications or devices. 
0017. Other aspects of the invention provide improved 
methods and apparatus of workflow definition and processing 
with extensible actions. Such methods and apparatus permit 
user definition of workflow tasks, e.g., using the graphical 
programming metaphor or otherwise. This includes, by way 
of non-limiting example, interfacing legacy Software systems 
and databases. 
0018. Related aspects of the invention provide such meth 
ods and apparatus in which the actions conform to a compo 
nent object model (COM) application program interface 
(API). That interface can define portions of a third-party 
application context required for task implementation and can 
provide mechanisms for communication of that information. 
0019. Extensible actions according to some aspects of the 
invention permits a workflow to interface with components 
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and subsystems not part of the workflow system. This is done 
by permitting the workflow to instantiate component object 
model (COM) components that implement an extended 
action interface. A component of this type permits a workflow 
editor and workflow processing engine to interrogate the 
component for input and output arguments and other proper 
ties, as well as to cause the component to execute. The 
extended action interface provides a portal through which the 
workflow can give information to, and acquire information 
from, external systems. 
0020 Related aspects of the invention provide methods 
and apparatus as described above in which the input and 
output argument sets of such a component comprise a portion 
of an overall workflow context. An action can be executed 
with the input argument contexts and, upon return from the 
extended action component, entries in the output argument 
context can be written back to corresponding entries in the 
overall workflow context. 
0021 Still further related aspects of the invention provide 
Such methods and apparatus as provide for enhanced com 
munication between a task executing in a workflow process 
ing engine and a third-party application. 
0022. Still other aspects of the invention provide improved 
methods and apparatus for workflow definition and process 
ing which utilize workflow variables for communication of 
data and control information among tasks within a workflow. 
Such variables can reflect workflow status, factory-floor or 
other process control, environmental control, computer aided 
manufacturing, and other industrial and non-industrial appli 
cation data and/or other parameters. 
0023 Related aspects of the invention such methods and 
apparatus as provide for persistence of the workflow vari 
ables, e.g., using XML or other markup languages. 
0024. Still other aspects of the invention provide improved 
methods and apparatus of workflow definition and processing 
with enhanced messaging. This facilitates communication 
with an operator station during workflow execution. 
0025 Related aspects of the invention provide such meth 
ods and apparatus in which both message content and format 
ting is transmitted between a workflow processing engine and 
an operator interface, e.g., via a markup language. Related 
aspects of the invention provide for use of XML and XSL for 
these purposes. Still further related aspects provide for cus 
tomizable display of operator interfaces via controls which 
execute style sheets. Yet still further related aspects of the 
invention provide for enhanced transmittal of operator 
responses to the workflow processing engine. 
0026. Still other aspects of the invention provide improved 
methods and apparatus for workflow definition and process 
ing which permit definition of hierarchically enumerated data 
types, referred to below as List PDIs. These can be used to 
capture multiple levels of data, e.g., for analysis or reporting. 
0027. Related aspects of the invention provide for defini 
tion of "plans to collect, e.g., for storage, data Such as the 
aforementioned hierarchical data types. These plans can 
include expressions that are evaluated on collection or storage 
of the data. Such expressions can include execution of proce 
dures, e.g., for obtaining or evaluating further data. 
0028 Still other aspects of the invention provide improved 
methods and apparatus for workflow definition and process 
ing which provide for registration of third-party and other 
Software applications, e.g., used by an enterprise, and that 
facilitate communication with Such applications. Related 
aspects of the invention facilitate information visibility, e.g., 
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communication of information to/from portals and other data 
display/collection applications, networked or otherwise. 
0029. Still other aspects of the invention provide improved 
methods and apparatus for workflow definition and process 
ing that utilize a common event-driven or other messaging 
structures, e.g., for transferring data to/from applications and/ 
or operator interfaces. 
0030 Still other aspects of the invention provide improved 
methods and apparatus for workflow definition and process 
ing that facilitate real-time gathering, processing, communi 
cation and/or reporting of data. 
0031 Advantages of methods and apparatus according to 
the foregoing and other aspects of the invention are that they 
facilitate distribution of data upon event occurrence. This can 
include, by way of non-limiting example, distribution of dis 
tributed control system (DCS) data in real-time to transac 
tional Software, e.g., executing within or between enterprises. 
It can also include, by way of further non-limiting example, 
communication of information necessary for Supply chain 
automation between a plan and its customers. 
0032. Other aspects of the invention are evident in the 
claims, as well as in the text and drawings that follow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0033. A more complete understanding of the invention 
may be attained by reference to the drawings, in which 
0034 FIGS. 1A-1C depict a digital data processing sys 
tem according to one practice of the invention; 
0035 FIG. 2 depicts a graphical workflow of the type that 

is created, edited and processed in a system according to one 
practice of the invention; 
0036 FIG. 3 illustrates an ActiveX control of the type to 
Support communications between a runtime client and a pro 
duction engine in a system according to one practice of the 
invention; 
0037 FIGS. 4A-D depict an objectoriented class structure 
used in implementing a system according to one practice of 
the inventions; 
0038 FIG. 5 depicts steps utilized to populate a data col 
lectionina system according to one practice of the inventions; 
0039 FIG. 6 depicts the life cycle of an action message in 
a system according to one practice of the invention; 
0040 FIGS. 7-8 depict processing in an event manager in 
a system according to one practice of the invention; 
004.1 FIGS. 9A-9C depict an object oriented class struc 
ture Supporting interalia PDIs and collection plans in a sys 
tem according to one practice of the invention; 
0042 FIG. 10 depicts a database structure supporting List 
PDIs in a system according to one practice of the invention; 
0043 FIG. 11 depicts the tree hierarchy of a List PDI in a 
system according to one practice of the invention; 
0044 FIG. 12 depicts the anatomy of a List PDI in a 
system according to one practice of the invention; 
004.5 FIG. 13 illustrates a simplified standard List PDI of 
the type used in a system according to one practice of the 
invention; 
0046 FIGS. 14A-14C depict graphical user interface 
screens used in connection with definition and maintenance 
of a List PDI in a system according to one practice of the 
invention; 
0047 FIGS. 15-16 depict graphical user interface screens 
used in connection with definition and maintenance of col 
lection plans in a system according to one practice of the 
invention; 
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0048 FIG. 17 illustrates a relationship among classes 
defining the production Support database and those defining 
stored procedure items in a system according to one practice 
of the invention; 
0049 FIGS. 18-19 depict graphical user interface screens 
used in connection with collection plan template maintenance 
in a system according to one practice of the invention; 
0050 FIG. 20 depicts a graphical user interface screen 
used in connection with storing information about a PDI in a 
collection plan generated from the template in a system 
according to one practice of the invention; 
0051 FIG. 21 depicts a graphical user interface editor 
display, including a sample workflow graphic, in a system 
according to one practice of the invention; 
0052 FIG. 22 depicts tables in a database supporting a 
class structure used in a workflow editor in a system accord 
ing to one practice of the invention; 
0053 FIG. 23 illustrates how orders and lot IDs from 
external systems are associated with workflow created in a 
workflow editor in a system according to one practice of the 
invention; 
0054 FIG. 24 depicts a relationship between workflow 
elements and extended actions in a system according to one 
practice of the invention; 
0055 FIG.25 is a flowchart depicting how workflow vari 
able context is maintained in a system according to one prac 
tice of the invention; 
0056 FIG. 26, depicts a graphical user interface screen 
used in connection with workflow variable definition in a 
system according to one practice of the invention; 
0057 FIG. 27 depicts a relationship of tables used in Sup 
port of workflow variable context persistence in a system 
according to one practice of the invention. 
0058 FIGS. 28-29 depict graphical user interface screens 
used in connection with user interface (UI) message defini 
tion in a system according to one practice of the invention; 
0059 FIG. 30 is a flowchart depicting steps involved in 
execution of a UI Message action in a system according to one 
practice of the invention; 
0060 FIG.31 is a UI Message style sheet according to one 
practice of the invention; 
0061 FIGS. 32A-32C is a UI Message schema according 
to one practice of the invention; 
0062 FIGS.33A-33B is a UI Message template according 
to one practice of the invention; 
0063 FIG. 34 depicts an architecture for UI messaging 
with a thin runtime client in a system according to one prac 
tice of the invention. 

DETAILED DESCRIPTION 

0064 FIG. 1A depicts a digital data processing system 10 
according to one practice of the invention. The illustrated 
system includes one or more applications 12, 14, 16 of the 
type commercially available and conventionally used for pro 
cess, batch, discrete, environmental or other control in manu 
facturing, utilities or other industries, research or other appli 
cations. The applications 12-16 are adapted to monitor and/or 
control the respective process, batch, environment, and so 
forth, via sensors and/or control equipment in the conven 
tional manner known in the art. The illustrated System also 
includes a production engine 18 that is coupled to applica 
tions 12-16 and coordinates data collection, operation, and/or 
reporting thereby. 

Jun. 23, 2011 

0065 Engine 18 and applications 12-16 may execute on a 
single digital data processing device or multiple digital data 
processing devices, which may be disposed locally or 
remotely with respect to one another and which may commu 
nicate via network or otherwise in the conventional manner 
known in the art. Each digital data processing device may 
constitute a conventional workstation, personal computer, 
mainframe computer, controller, microprocessor, embedded 
processor, “smart” field device or any other hardware/soft 
ware platform Suitable for module and/or application execu 
tion in accord with the teachings hereof. On any given Such 
digital data processing device, the respective engine 18 and/or 
applications 12-16 may execute within a single process 
though, more typically, they execute in different respective 
processes. 
0.066 Illustrated applications 12-14, referred to as “Applin 
0' and Applin 1.” respectively, have runtime components 
12a, 14a that operate in accord with information contained in 
respective databases 12b. 14b, proprietary or otherwise, that 
may be independent or shared between those and other appli 
cations in the conventional manner known in the art (as fur 
ther adapted in accord with the teachings below). Each appli 
cation 12, 14 also includes an editor (or configurator) that is 
used in the conventional manner, e.g., to set up and modify the 
respective database for such functions as are desired by the 
plant operator or other personnel. Each additional application 
16 can similarly include a runtime component, database and 
editor. 

0067. Those skilled in the art will, of course, appreciate 
that, per convention in the art, applications 12-16 may include 
fewer components or more components than those shown in 
the drawing and described herein. Thus, for example, some 
application used in systems according to the invention may 
include only a runtime component and others may include 
multiple runtime components, databases and/or editors, as 
well as other components. 
0068 Illustrated production engine 18 includes a runtime 
component 18a referred to below both as the “event man 
ager” or “production engine' that coordinates operation of 
data collection for, and/or reporting for applications 12-16. 
This is governed by workflow(s) and parameters defined in a 
configuration database 18b though, in alternate embodi 
ments these may be hardcoded, e.g., in the runtime compo 
nent (18a) and/or defined elsewhere. An editor (or configu 
rator) 18c, which includes the Workflow Editor described 
below, provides a user interface and/or otherwise facilitates 
set up and modification the database 18b and, more generally, 
the production engine 18. 
0069. The aforementioned operational coordination, data 
collection and/or reporting may be effected via coupling 
between the component 18a (the event manager) and the 
applications respective runtime components 12a-14a, e.g., 
utilizing application program interfaces (APIs) or other inter 
process communications techniques, as discussed below. 
Though all of these coupling mechanisms are indicated in the 
drawing by lines connecting component 18a with the runtime 
modules 12a-14a and databases 12b-14b, those skilled in the 
art will appreciate that fewer or additional mechanisms may 
be employed as well consistent with the teachings below. 
0070. In the illustrated embodiment, further coupling 
between the production engine 18 and the applications 12-16 
is provided via their respective database components 12b. 14b 
and 18b. To this end, system 18 includes a interpreter 18d that 
transfers data between the configuration database 18b and the 



US 2011/O153051 A1 

application's respective databases 12b-14b. Such transfers 
may be effected at configuration time, at runtime, periodi 
cally, continuously, or otherwise, e.g., in accord with the 
teachings below. 
0071 Communications coupling, formatting and/or trans 
lation required for each respective database 12b-14b is 
effected by respective interface adapters shown, here, “hang 
ing off the interpreter 18d and labeled A0, A1. In practice, 
the adapters may be part of (e.g., “hang off) the interpreter 
18d and/or the databases 12b-14b themselves (and, more 
properly, respective database managements systems—which 
may, for example, form part of the respective runtime or 
editor components 12a, 12c-14a, 14c). 
0072 To facilitate coordinated setup and/or modification 
of the system 10, databases 12b. 14b, 18b, configuration 
editor 18c may include adapters that facilitate direct setup or 
modification of the application databases 12b-14b, or por 
tions thereof, e.g., via an interface consistent with that pro 
vided by editor 18c vis-a-vis database 18b, via interfaces 
consistent with those provided by editors 12c-14c vis-a-vis 
databases 12b-14b, or otherwise. As above, the adapters are 
shown here hanging off the editor 18c and labeled A0, A1. In 
practice, the adapters may be part of the editor 18c and/or the 
databases 12b-14b themselves. 
0073. Applications 12-16 are clients of the production 
engine 18, e.g., insofar as those applications rely on services 
or data provided by engine 18 for purposes of setup and/or 
coordinated runtime operation. The illustrated system 
includes further clients, here, runtime clients 18e, 18f that 
provide for notifications (e.g., alarms), workflow or other 
status reporting, and/or data collection, e.g., via user inter 
faces with plant operator or other personnel. While runtime 
clients 18e, 18f can be adapted to interface process or other 
control equipment, e.g., in the manner of applications 12-16, 
in the illustrated embodiment, the runtime clients are more 
typically adapted to provide alarms, notifications and other 
information to plant personnel and/or to receive information 
therefrom, e.g., in addition to or in lieu of Such information 
provided to and/or received from such personnel by the appli 
cations 12-16. More particularly, in one embodiment, the 
runtime client provides for security (e.g., password entry and 
access restriction); data trending; alarm notification; task list 
entry, editing, history reporting and querying; graphical or 
other workflow status visualization; and workflow state set 
ting (e.g., offline versus active). 
0074. Overview of Operation and Terminology 
0075. The production engine 18 provides a framework to 
configure, capture and manage process and production data 
based on inputs from (and outputs to) applications 12-16, 
plant or personnel, and/or process or other control equipment. 
It also provides for correlating process and production data, 
e.g., to facilitate analysis of the effectiveness of a facility or 
process. To this end, the engine 18 comprises, inter alia, an 
event manager 18a that monitors the equipment or processes, 
for example, via communications with applications 12-16 
and via interfaces (e.g., through runtime clients 18e, 18f) with 
the plant personnel and/or control equipment directly); 
executes workflows and evaluates any expressions defined 
therein; triggers actions; prompts plant personnel with or for 
information; collects data from the applications, personnel 
and/or control equipment. 
0076. As noted above, operation of the event manager 18a 

is based on workflows, e.g., represented in database 18b. 
Workflow types include, by way of non-limiting example 
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material workflows (e.g., manipulating raw materials to pro 
duce finished goods), equipment workflows (e.g., based on a 
manufacturing resource, e.g., machine, line, cell, exceptions, 
faults and regular maintenance activities, cleaning, calibra 
tion, failures) and Supply chain and/or information workflows 
(e.g., moving information between applications or areas in an 
enterprise). Workflows can be triggered by multiple 
machines, with parameters captured automatically from that 
equipment or manually from its operators. 
0077. As discussed further below, workflow definitions 
can include event triggers, e.g., process value changes, device 
inputs, production status changes, resource status changes, 
messages from other application, or UI messaging. Workflow 
definitions in the illustrated embodiment also typically 
include event actions. These can include transactions (such as 
start, complete, etc.) in applications 12-16, stored procedures/ 
database actions; set-point downloading; user tasks, such as 
data collection, downtime reporting, sample registration, pro 
duction reporting, consumption reporting, maintenance task: 
operator messaging (referred to below as User Interface or UI 
messages); and SCADA alarm actions. Such as e-mail, pager, 
or telephone messages; to name a few. 
0078. In addition to events and actions, a workflow of the 
illustrated embodiment can include activities, which are 
defined by one or more related actions; transitions, which 
inhibit the execution of a workflow until a condition is met; 
conditional branches, which allow one branch of activities to 
executed based on evaluation of an expression; decision 
branches, result in execution of one branch of activities if the 
evaluation of an expression is true and another branchiffalse; 
loops, which execute a executes a series of activities until a 
condition is met. Of course, it will be appreciated that work 
flows may have other components, instead or in addition, 
consistent with the teachings hereof. 
0079 Workflow definitions in the illustrated embodiment 
utilize process data items or PDIs. These capture, track and 
move information about the controlled process. PDIs repre 
sent an aggregation of functionality, Such as a transaction 
input, I/O point (or “tag”), process historization, alarming and 
analysis. Types of PDI in the illustrated embodiment include 
memory variables/local workflow variables, I/O and device 
input, user input, and database I/O. At runtime, sources of PDI 
values include tags (or I/O points), information manually 
entered (e.g., via a runtime client), values derived from other 
data, information retrieved from application databases 12b 
14b, arithmetic and/or logical expressions. 
0080. By way of example, plant equipment such as a 
packer unit signals the production engine indicating that its 
status has changed to a non-running state. A scheduler oper 
ating within the event manager 18a reschedules work other 
wise assigned to that unit to other plant equipment, updating 
a work-in-process module with the new equipment informa 
tion. Based on the downtime cause reported by the equipment 
and its expected duration, the scheduler also reschedules the 
shop floor to account for the lost resource and releases a new 
schedule to the floor, e.g., via operator messing in a runtime 
client 18e, 18f concurrently updating application databases 
12b-14b (and other tables, databases, etc.) that govern opera 
tion of the floor equipment. The scheduler also signals the 
runtime components of necessary applications, e.g., 12a, to 
reflect transfer of the job and operators to the new equipment. 
I0081 Concurrently, the scheduler treats the underlying 
cause of the non-running state as an indicator of a mainte 
nance task, to which it assigns a resource—here, a mechanic. 
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It notifies both the mechanic and the information technology 
department (and/or other enterprise personnel) of the assign 
ment, e.g., via a runtime client 18f. The scheduler also mes 
sages personnel to have the parts prepared and delivered to the 
downed equipment. 
0082 Referring to FIG. 1B, in the illustrated embodiment, 
the applications 12-16 include InTrackTM and InSQLTM, both 
commercially available from the assignee hereof. InTrackTM 
provides for graphical representation of a controlled process 
(and the underlying equipment or other resources). It permits, 
for example, tracking of production from raw materials 
through to finished goods inventory, and can model and track 
critical resources like work orders, materials, product speci 
fications, work instructions, equipment, people and process/ 
analytical data. InSQLTM is an SQL server that provides a 
common point of access for production information utilized 
by InTrack, providing for acquisition of production data in 
real time and integration of non-real-time, manual or off-line 
data. These applications share a common database, e.g., 12b, 
associated with the InTrackTM product, as well as having 
independent databases, e.g., an InSQLTM database (associ 
ated with the InSQLTM product). 
0083. The runtime component of the InTrackTM applica 
tion is depicted in FIG. 1B as element 12a: the database 
component, as element 12b; and the editor (referred to as 
Model MakerTM), as element 12c. The corresponding com 
ponents of the InSQLTM application are depicted as elements 
14a. 14b and 14c. Further applications, depicted in the draw 
ing by elements 16a, 16b, 16c, can include by way of non 
limiting example the InTouchTM product, which is commer 
cially available from the assignee hereof and which provides 
a human machine interface (HMI), enabling visualization of 
control and information resources, e.g., represented by 
InTrack. 

0084. Of course, those skilled in the art will appreciate that 
other applications, regardless of whether available from the 
assignee hereof, can be utilized in addition to or instead of in 
TrackTM, InSQLTM, and/or InTouchTM. Those applications 
may be competitive, functional or other equivalents of the 
type known in the art amenable or adaptable for use in Sys 
tems operating according to the teachings hereof. By way of 
example, in place of (or in addition to) the in SQLTM server, 
another SQL server may by utilized, as may be a database 
management system, query system or other system capable of 
querying or otherwise identifying items of interest in a data 
base, table or other data collection. 
0085 Also shown in FIG. 1B is the division of configura 
tion database 18b into a configuration database components 
18b' and one or more runtime components, here, a runtime 
“support database component 18b" and a runtime “tag” data 
base component 18b". The configuration database compo 
nent 18b' maintains a representation of the workflow editable 
by editor (or configurator) 18c. The runtime components 18b" 
and 18b" maintain representations of the workflow uploaded 
from the configuration component 18b', as well as of opera 
tional parameters taken from the other application databases, 
e.g., 12b. 14b, and 16b. Thus, for example, Support database 
component 18b" can maintain a representation of event trig 
gers, event actions, activities, transitions, conditional 
branches, decision branches, loops, and so forth that make up 
a workflow. Tag database component 18b" on the other hand, 
for example, maintains a representation or listing of I/O ports, 
memory addresses and other tags potentially implicated by 
the workflow. 
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I0086. The runtime components 18b" and 18b" of the con 
figuration database 18b are generated by the interpreter 18d 
and/or by an compilation/upload component (not shown). 
This can include compiling into a suitable runtime represen 
tation for component 18b" the graphical (or other) represen 
tation of the workflow maintained in configuration database 
18b'. It can also include resolving references to tags and other 
parameters in the configuration representation so that they 
can be properly accessed at runtime by the production engine. 
I0087. According to one practice of the invention, work 
flows in the configuration database 18b' are maintained in 
“disabled' or “enabled' states, as determined by the operator, 
e.g., using a menu or other option in editor 18c. In a preferred 
practice, the interpreter 18d and/or compilation/upload ele 
ment upload to the runtime databases 18b" and 18b" only 
configuration database 19b' workflows that are in the 
“enabled State. 
I0088. Likewise, according to one practice of the invention, 
workflows represented in the runtime databases 18b" and 
18b" are maintained in “offline”, “active” and “running” 
states. Workflows in the offline state are not executed or 
“evaluated by the event manager 18a, while those in the 
active state are amenable to such execution. Workflows cur 
rently being executed by the event manager are referred to as 
running. 
I0089 Generation of the tag database 18b" can be accom 
plished, for example, by creating a indexed, trees or other 
accessible compilation of tags suitable for access by the pro 
duction engine 18 during execution of the workflow repre 
sented in database 18b". 
0090 Although the illustrated embodiment utilizes sepa 
rate databases 18b'-18b" to maintain the configuration versus 
runtime representations of workflows, alternate embodi 
ments utilize a single database (or set of databases) for both 
configuration and runtime. 
0091. In some embodiments, the production engine 
accesses the tag database 18b" directly. In other embodi 
ments, a tag database server (not shown) serves as an interface 
between the production engine 18 and the database 18b". One 
Such server is commercially available from the assignee 
hereofas part of its in TouchTM software package. 
0092. With further reference to FIG. 1B, the production 
engine 18 of the illustrated embodiment includes an applica 
tion server component that provides an interface between the 
production engine and one or more of the databases 18b". 
12b. 14b, 16c. The application server, which can be packaged 
separately from the event manager 18a or other runtime com 
ponents, Support multiple access by simultaneous clients to 
these databases, e.g., thus permitting the production engine to 
access the databases for purposes of workflow execution 
while, at the same time, permitting the applications 12-16 to 
access respective ones of those databases to carry out appli 
cation-specific tasks (e.g., in response to notifications from 
the production engine). 
(0093 FIG. 1C depicts an architecture of the system 10 
according to one practice of the invention. To facilitate review 
of the drawing, like element designations are used in FIGS. 
1A-1C to indicate like components. A client application fur 
ther to those described above as element 12-16 is identified by 
the designations 16a, 16b, reflecting the utility of the system 
10 with a variety of applications. Here, that application is a 
statistical process control package, SPC Pro, available from 
the assignee hereof, though, it will be appreciated that other 
applications, regardless of whether for statistical process con 
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trol, can be used in addition or instead. Process or other 
control equipment with which the applications 12-16 is des 
ignated as “Control System” in the drawing. 
0094 Communications between the elements and compo 
nents of FIG. 1C may be effected in an conventional manner 
known in the art, including, but not limited to ActiveX, 
MicrosoftTM COM (component object model), COM+, 
DCOM, OLE, JAVA. OpenDOC, Netscape LiveConnect. In 
the embodiment represented in FIG. 1C, specific such com 
munications mechanisms are identified in the lines connect 
ing several of the elements and components. Thus, for 
example, COM is used for communications between the 
event manager 18a and the runtime clients 18e, 18f as well as 
between the event manager 18a and a configuration manager 
18g. OLE is used, by way of further example, between the in 
Track application 12a and each of the configuration manager 
18g and the event manager 18a. 
0.095. In the illustrated embodiment, further communica 
tions mechanisms are used as well. Thus, a communications 
protocol and, more particularly, and applications program 
interface (API) defined under the in Touch External Database 
Access (IDEA) software package commercially available 
from the assignee, is used to Support communications with 
the in Touch application (which as noted above serves, e.g., as 
the tag database 18b" server). Any other mechanism, com 
mercially available, proprietary or otherwise, Supporting 
Such access and, more generally, providing communications 
coupling among and between the elements may be used in 
addition or instead. 

0096. Likewise, the protocol (and API) known as Suit 
eLinkTM available in input/output servers commercially avail 
able from the assignee is used to support communications 
between applications available from the assignee (e.g., in 
Touch, in SQL, and in Track) and the devices of the control 
system. Those servers are identified collectively in the draw 
ing as an “IOServer. Again, any other mechanism, commer 
cially available, proprietary or otherwise, server-based oroth 
erwise, Supporting Such access and, more generally, 
providing communications coupling with the control system 
may be used in addition or instead. These same or other 
communications mechanisms can also be used to provide 
communications coupling between the control system and the 
real time clients 18e, 18f 

Production Engine 

0097 
0098. The production engine 18 includes two compo 
nents, a configuration client and an interpreter, to enable the 
user to enter data into a single point. The configuration client, 
which comprises the configuration database 18b and editor 
18c, allows the user to configure a process data item (PDI). 
Each Such data item represents a tag and particularly, in the 
illustrated embodiment, a tag from the InTouch application, 
e.g., 12. The data item may also represent a tag from the 
InSQL application if any of the historization attributes are 
selected. Of course, those skilled in the art will appreciate that 
the data items may represent tags from other application 
instead or in addition. Once the tag is configured and saved, 
the aforementioned interpreter is executed which transfers 
the appropriate attributes to the InTouch tag database 12b and 
InSQL database 14b. 
0099. The configuration client permits security groups, 
users and associated passwords to be created. Once the user 
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information is saved, execution of the interpreter transfers the 
security information to the InTrack application 12. 
0100. The configuration client provides a mechanism for 
defining an object called a collection plan. The basis of the 
collection plan is a data collection from one of the applica 
tions 12-16, here, the InTrack application 12. When the user 
saves the collection plan and runs the interpreter, an automa 
tion server is used to create the data collection. Machine and 
location attributes are available on a collection plan and other 
objects within production engine. If these attributes are speci 
fied they are created within the underlying application, here, 
InTrack, after running the interpreter. The following default 
items are created in that application from the interpreter: 
Default machine types PE Machine and PE Line. 
0101. In a typical implementation of one of the applica 
tions 12-16 (and particularly, for example, the InTrack appli 
cation 12), a client application is developed for a shop floor 
operator. The client application varies but characteristically 
takes input from the user or gathers information from a con 
trol system. These values are used in calls to the automation 
server or any automation server of another application. The 
production engine utilizes a set of predetermined actions that 
encapsulate Some of the common transactions. The user oper 
ates the configuration client (e.g., database 18b and editor 
18c) to create instances of these actions to map control system 
values via PDIs to the action's parameters. Execution of the 
actions as part of a workflow replaces the capability provided 
by the custom scripting or custom applications. 
0102. A client of the production engine provides on-de 
mand graphical reports and basic input mechanisms. The 
client can contain a screen to allow user input into collection 
plans. Collection plans can be executed on demand or appear 
to the user by request of engine. A series of reports are also 
available via buttons on the screen. 

(0103 Extended Actions 
0104. To understand how automation of manufacturing 
processes involving the interaction of people, equipment, 
applications, time and external hardware events is facilitated 
by the production engine 18, it will be appreciated that actions 
used in the production engine can literally be calls to a lim 
itless range of Software. Tasks required of the applications 
12-16 are wrapped in COM wrappers, which conforms to a 
defined interface. The simple COM wrapper conforming to a 
pre-defined interface enables the configuration client to 
detect the wrapper's presence on the machine. Once detected 
the user can create instances of that action for execution in a 
workflow. The fact that the user can map the new action's 
parameters to workflow context variables or control system 
I/O points (PDIs) facilitates interaction of production engine 
actions and applications 12-16. 
0105 For example, to execute actions of a new applica 
tion, the programmer can wrap that application’s APIs in a 
component with the extended action interface. Once selected 
from the configuration client and configured, interpreted, and 
also installed on the application server, it is available for 
execution by the engine and thus can utilize information from 
previous actions via parameters the same way internal pro 
duction engine actions use the variables. 

0106. This ability to add programmatic interaction 
between any application 12-16 (or external software or 
hardware) relies on use of one of two interface methods: 
0107 GetArguments(out BSTR InputArgsXml 
Spec, out BSTROutputArgsXmlSpec) 
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0.108 GetArguments(. . . ) is a method that, when 
implemented by the action provider, provides an 
XML string that contain elements with a name 
attribute (the name of the argument), a data-type 
attribute (MSXML data types) and a value for the 
element (which is set to an unused value in this situ 
ation). One of these strings defines the necessary input 
argument list while the other describes the output 
argument list, which will be generated. These argu 
ments define the argument lists of the Execute(...) 
method. 

0109 Execute(Lin BSTR InputArgsXmlCollection, 
out BSTROutputArgsXmlCollection) 

0110. The Execute(...) method requires two parameters: 
the input argument list and the output argument list. These 
argument lists are XML strings as described above and con 
tain the values appropriate for the method call and the return 
from the method call, respectively. 
0111. The workflow editor 18d' allows greater control of 
task definition and interaction. If operator input is required for 
an action, a prompt message can be added into the workflow 
and automatically sent to the designated operator to retrieve 
the input. Once the operator enters the input it is returned to 
the engine. That information is available for use in Subsequent 
actions of the same workflow via workflow context variables. 
0112 Instances of actions created in the production 
engine's configuration client, which use PDIs as parameters, 
implement the interaction with the control system. Through 
the use of workflow variables described previously, it allows 
the activities of the equipment to be intertwined with the 
activities of the user. 
0113. The production engine 18 provides a user interface 
that allows the operator to select a particular instance of a 
workflow and visually see the action currently being per 
formed. It also gives information about the status of the work 
flow. The operator has the option to do Such things as: 

0114 Enable or disable a workflow—allows the work 
flow to be removed from the runtime system if disabled 
or added to the runtime system when enabled. 

0115 Pause/continue the workflow if a workflow is 
running the operator can choose to pause after the 
completion of the current action. 

0116. A further understanding of the relationship between 
control applications 12-16 and workflow extended actions 
may be attained by reference to the following discussion of 
the automated generation of an extended action for e-mailing. 
Sample code is provided within comments in each of the 
methods shown. 
0117. In the discussion that follows, “activity” refers to an 
atomic unit of work. An activity is the smallest unit of work in 
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a workflow that can exist either alone or in combination. For 
our purposes the combination of activities creates a workflow. 
This single unit of work is referred to elsewhere herein as an 
“action’.“Extended Action” refers to a component, conform 
ing to an aforementioned COM interface containing one or 
more activities. These activities are displayed in the Work 
flow Editor for use in a workflow. 
0118. After an interface is named and specific actions 
associated with it are identified, a class is created. The newly 
created class can be opened in an applications development 
tool (here, Visual Studio C++) and the interface (here, IEx 
tendedAction) expanded, as presented, by way of non-limit 
ing example, in FIG. 24. 
0119 The sample code shows parameters being created 
for sending an Email: 

Ims Jtil::IEAParametersPtreaparams: 
hr = eaparams. CreateInstance ( uuidof ImsUtil:EAParameters)); 
if (SUCCEEDED(hr)) 
{ 
if the exception handling is new. 
engine in a particular format. 
// It is YOUR responsibility to provide proper error messages for workflow 
debugging. 
BEGIN EXCEPTION HANDLER() 
if Add a parameter by specifying its name, type, direction, presence, 
description and a default value 
if this first parameter is the NEW map parameter type 
eaparams->InsertCollection(L'ToList, ImsUtill:eIn, ImsUtill:eRequired, 
LRecipient list, 0): 
eaparams->Insert(LFrom', ImsUtill:eString, ImsOtill:eIn, 
msUtill:eRequired, LSender, L'); 
eaparams->Insert(LSubject, ImsUtill:eString, Ims Utill:eIn, 
msUtill:eRequired, LMessage Subject, L'); 
eaparams->Insert(LMessage, Ims Utill:eString, ImsUtill:eIn, 
msUtill:eOptional, LMessage, L'); 
eaparams->Insert(LStatus, ImsUtill:eString, Ims Utill:eOut, 
msUtill:eOptional, LMessage sent status, L'); 

fi again this is the end of the error handler for this section of code 
END EXCEPTION HANDLER(EXCEPTION COM, 1009, L'Error 
inserting parameters into EAParameters component.) 
// Place this xml definition of the parameters to the Execute method in the 
return BSTR* parameter 
BEGIN EXCEPTION HANDLER() 

eaparams->PersistToXML(Param Info); 
END EXCEPTION HANDLER(EXCEPTION COM, 1003, L'Error 
de-materializing parameters from EAParameters component.) 

else 
THROW EXCEPTION(EXCEPTION COM, 1004, LError 

creating instance of EAParameters component.) 
END EXCEPTION HANDLER(EXCEPTION COM, 1004, 

L'Error creating instance of EAParameters component.) 

Errors must be propagated to the 

I0120 Each of the parameters (input and output) can be 
decoded from the converted XML string: 

if declare autoptrs to the input and output parameter containers 
Ims Jtil::IEAParametersPtrinparams: 
Ims Jtil::IEAParametersPtr Outparams; 
if declare return values for CreateInstance 
HRESULT inphr: 
HRESULT outhr: 
// declare a CComVariant to hold the value of a parameter 
CComVariant v; 
if Create parameter container objects 
inphr = inparams.CreateInstance ( uuidofilmsUtill::EAParameters)); 
outhr = outparams. CreateInstance ( uuidof Ims Util::EAParameters)); 

// New error handling 


























































