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operation be variable. Such variable steps may subsequently be edited by the same or another user when the operation is incorporated

into a procedure. Steps in the operation that are not variable are fixed and may not be edited when the operation has been incorporated

WO

into a procedure. Furthermore, individual fields in a variable step may be either variable or fixed. The present invention also provides
a procedure editor that includes a user interface, which allows the user to edit variable steps within the procedure’s operations. The
procedure editor presents to the user for editing only those steps within the procedure that are variable.
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CHEMICAL PROCESS MACHINE
PROGRAMMING SYSTEM

This application claims the benefit of Provisional U.S. Patent
Application Serial No. 60/327,914, filed October 9, 2001.

Cross Reference to Related Applications

This application is related to the commonly owned U.S. Prov. Pat. App.
Serial No. 60/327,914, filed on October 9, 2001 by Cris Petersen, entitled “Automated
Fluid Filtration System for Conducting Fiuid Separation Processes, and for Acquiring
and Recording Data Thereabout”, and which is hereby incorporated by reference in its

entirety.

BACKGROUND

Field of the Invention

The present invention relates to control of chemical process machines
and, more particularly, to improved techniques for generating instructions to control

chemical process machines.

Related Art

Various devices have been developed for processing biochemical
substances. Such devices, referred to herein generically as “chemical process
machines,” have found particular utility in the biotechnology industry for the purpose of
facilitating the research, development, and production of pharmaceuticals. Chemical
process machines may, for example, be used when a particular drug is being
researched in the lab, subsequently when the drug is being tested during a pilot
program, and/or when the drug is being produced in large quantities for commercial
manufacture and distribution.
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Chemical process machines are typically capable of being
programmed to perform a wide variety of actions associated with biochemical
processing. Such actions often include mechanical actions (such as opening or closing
valves), providing information to the machine operator about the current state of the
process, obtaining input from the machine operator, and making decisions about which
actions to perform next based on the existence of predetermined conditions. Chemical
process machines are typically capable of being programmed to perform a particular
sequence of such individual actions — referred to herein as “steps” — in a particular
order to perform a particular process.

Performing such programming can be tedious, time-consuming, and
error-prone. A éingle process may include hundreds or even thousands of individual
steps. Programming a chemical process machine to perform such a process typically
involves accurately specifying each of thé steps to be performed in the desired order.
Failure to program a particular step accurately or to program the desired steps in an
appropriate order may cause the process to execute incorrectly or to fail to execute

entirely. As a result, it can be difficult to quickly and accurately program a process that

includes a large number of steps.

Some user interfaces have been developed’ to facilitate the practice of
programming chemical process machines. Such user interfaces typically allow the
programmer to program the desired sequence of steps using textual instructions that
are input using a text editor, spreadsheet, or other similar software on a personal
computer or workstation. Allowing steps in the process to be input in this way
simplifies the task of programming the chemical process machine. Furthermore, the
sequence of steps entered by the operator may be saved to a file for subsequent
editing or other use.

Such conventional user interfaces for programming chemical process
machines, however, have a variety of disadvantages. For example, such user
interfaces typically require the end user to manually input each step in the process to
be performed by the chemical process machine. This can be difficult and time-
consuming, particularly in the case of processes that include hundreds or thousands of
steps. Even when a process has been previously programmed and saved,
conventional user interfaces typically display to a user who desires to edit one or more
steps in the process a listing of all of the steps in the process. When faced with such a
listing, the user is responsible for finding and selecting the particular step or steps-in
the process to be edited, potentially from among thousands of steps. As a result, even
identifying the particular steps to be edited in a process can be time-consuming using
the user interfaces typicallyI provided for use with conventional chemical process

machines.

PCT/US02/31885
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Furthermore, in a typical process, there are often certain steps, which
should not be edited by the user for a variety of reasons. For example, some steps
(such as steps related to initialization of the chemical process machine) may be
required by the process. As another example, it may be necessary to execute certain
sequences of steps within the process in a particular order. The conventional user
interfaces described above for programming chemical process machines, however,
typically allow all steps in a process to be edited by the user. As a result, it is typically
possible for the user to inadvertently cause a process to malfunction by either deleting
necessary steps from the process or by incorrectly modifying steps in the process.

Some process machine programming user interfaces allow sequences
of stepé to be grouped together into modules that are referred to herein as
“operations.” Operations may further be combined into higher-level modules that are
referred to herein as “recipe procedures” or simply as “procedures.” Typically, each
operation and each procedure is stored in a separate file in a computer file system.
Each procedure file typically contains references to the files containing the operations
that comprise the procedure. As a result, modifying a step in a particular operation file
effectively results in modifying the step in every procedure that incorporates the
operation. To avoid this problem and modify a step in only a single procedure, it is
typically necessary to make a copy of the operation file containing the step and to then
modify the step in the copy of the operation file. The copied operation file must
typically be saved using a different filename than the original operation file. As a result,
modifying individual steps in a variety of procedures typically leads to the undesirable
proliferation of large numbers of similar, but not identical, operation files. It can be
difficult to manage this large number of operation files and to subsequently identify the
differences among them, particularly given the large numbers of steps each of them
may contain and the small number of differences between different operation files.

What is needed, therefore, are simplified and more efficient techniques

for programming chemical process machines.
!

SUMMARY

In one aspect, the present invention provides an operation editor that
includes a user interface for programming operations to be performed by a chemical
process machine. An operation includes a sequence of one or more steps. Through
the user interface the user may specify that one or more of the steps in an operation be
variable. Such variable steps may subsequently be edited by the same or another user
when the operation is incorporated into a procedure. Steps in the operation that are
not variable are fixed and may not be edited when the operation has been incorporated

into a procedure. The operation editor may therefore be used to create operations that

PCT/US02/31885
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include both variable and fixed steps. Furthermore, individual fields in a variable step
may be either variable or fixed. '
in another aspect, the present invention provides a procedure editor

. that includes a user interface for programming procedures to be performed by a

chemical process machine. A procedure includes a sequence of one or more
operations (as defined above). Through the procedure editor’s user interface, the user
may select and arrange operations in a particular order within the procedure. The user
may also use the user interface to edit variable steps within the procedure’s operations.
When a particular operation is selected by the user for editing, the procedure editor
may display to the user only the variable steps in the operation and may allow the user
to edit only the variable fields of the variable steps. The procedure editor may
therefore be used to simplify the process of editing steps within procedures both by
allowing "the user to directly edit steps within the procedure’s operations and by
presenting to the user only those steps within the procedure that are variable.

Other features and advantages of various aspects and embodiments of
the present invention will become apparent from the following description and from the

claims.

BRIEF DESCRIPTION OF THE DRAWINGS

-FIG. 1 is a block diagram of a system for controlling a chemical
process machine according to one embodiment of the present invention.

FIG. 2 is a block diagram of a data structure that is used to represent
an operation according to one embodiment of the present invention.

FIG. 3 is a diagram of a graphical user interface that is used by an
operation editor according to one embodiment of the present invention.

FIG. 4 is a diagram of a graphical user interface that is used by a
procedure editor according to one embodiment of the present invention.

FIG. 5 is a diagram of a graphical user interface that is used by a
procedure editor to edit variable steps in an operation according to one embodiment of
the present invention.

FIG. 6 is a block diagram of a data structure that is used to represent a

procedure according to one embodiment of the present invention.

DETAILED DESCRIPTION
In one aspect, the present invention provides an operation editor that
includes a user interface for programming operations to be performed by a chemical

process machine. An operation includes a sequence of one or more steps. Through
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the user interface the user may specify that one or more of the steps in an operation be
variable. Such variable steps may subsequently be edited by the same or another user
when the operation is incorporated into a procedure. Steps in the operation that are
not variable are fixed and may not be edited when the operation has been incorporated
into a procedure. The operation editor may therefore be used to create operations that
include both variable and fixed steps. Furthermore, individual fields in a variable step
may be either variable or fixed.

In another aspect, the present invention provides a procedure editor
that includes a user interface for programming procedures to be performed by a
chemical process machine. A procedure includes a sequence of one or more
operations (as defined above). Through the procedure editor’s user interface, the user
may select and arrange operations in a particular order within the procedure. The user
may also use the user interface to edit variable steps within the procedure’s operations.
When a particular operation is selected by the user for editing, the procedure editor
may display to the user only the variable steps in the operation and may allow the user
to edit only the variable fields of the variable steps. The procedure editor may
therefore be used to simplify the process of editing steps within procedures both by
allowing the user to directly edit steps within the procedure’s operations and by
presenting to the user only those steps within the procedure that are variable.

Referring to FIG. 1, a system 100 for controlling a chemical process
machine 118 is shown. The chemical process machine 118 may be any machine for
processing biochemical substances, such as a machine for performing chromatography
or tangential flow filtration (TFF). The system includes a computer 102, which may, for
example, be any conventional desktop computer or workstation. The computer
includes an operation editor 104 and a procedure editor 106 which may, for example,
be implemented in software executing on the computer 102. Various embodiments of
the operation editor 104 and the procedure editor 106 Will be described in more detail
below.

The system 100 also includes a store of operations 110 (including
operations 110a-e), a store of procedures 112 (including procedures 112a-c), and a
configuration file 114. Each one of operations 110 includes a sequence of one or more
steps that may be executed by a programmable logic controller 116 in conjunction with
the control of the chemical process machine 118. For example, referring to FIG. 2, an
example of the structure of operation 110a is shown in more detail. As shown in FIG.
2, operation 110a includes a sequence of n steps 202a-n. The number of steps n may
be any number and is often in the hundreds or thousands. Different ones of the
operations 110 may have different numbers of steps. Examples of the steps 202a-n

are described in more detail below.

PCT/US02/31885
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Each one of procedures 112 includes a sequence of one or more
operations 110. As further described in more detail below, configuration file 114
contains information about how to translate steps contained in the operations 110 into
instructions that may be executed by the programmable logic controller 116 to control
the chemical process machine 118. When one of the procedures 112 is to be executed
by the chemical process machine 118, the procedure editor 106 translates the steps in
the procedure into appropriate instructions using the configuration file 114 and
transmits the translated instructions to the programmable logic controller 116. The
programmable logic controller 116 may then execute the instructions, thereby causing
the chemical process machine 118 to carry out the steps in the selected procedure. It
should be appreciated that although the programmable logic controller 116 is depicted
és a distinct device from the chemical process machine 118, the programmable logic
controller may be internal to the chemical process machine 118.

‘ In one embodiment of the present invention, the operation editor 104
provides a graphical user interface that a user of the computer 102 may use to edit the
operations 110. Referring to FIG. 3, an example of such a user interface 300 is shown.
In the example shown in FIG. 3, one of the operations 110 has already been selected
for editing. As a result, the steps of the selected operation are shown in a region 320
of the user interface 300 that takes the form of a spreadsheet that includes rows 302a-
g and columns 304a-. Each of rows 302a-g represents a step in the selected
operation and each of columns represents a field in the steps. As a results, rows 302a-
g may be referred to below simply as “steps” and columns 304a-j may be referred to
simply as “fields” for ease of reference.

Before describing the steps 302a-g in more detail, other aspects of the
user interface 300 will be described. The user interface includes a button 314 for
creating a new operation (i.e., for adding an empty operation to the operations 110
shown in FIG. 1), a button 316 for opening an existing one of the operations 110 for
editing in the operation editor 104 using the user interface 300, and a button 318 for
saving the operation that is currently being edited using the user interface 300. The
operation that is currently being edited using the user interface 300 is referred to herein
as the “current operation.”

At any particular time, a particular one of the steps 302a-g may be
selected by the user for editing. This selected step is referred to herein as the “current
step.” For example, as shown in FIG. 3, step 302a is highlighted to indicate that it is
the current step. The user may select the current step in any of a number of ways,
such as by clicking on the current step using a mouse or by using directional arrow
keys on a computer keyboard. The user interface 300 includes an “Insert Step” button

310 for inserting a new step into the current operation at the position of the current

PCT/US02/31885
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step, and a “Delete Action” button 312 for deleting the current step from the current
operation.

In this example, the current operation includes seven steps 302a-g.
Each of the steps 302a-g includes ten fields 304a-j. Each of these fields 304a-j will
now be described. The fields 304a-j will not be described in the order shown, but
rather in an order that will simplify their explanation.

The “Action” field 304g of a step indicates the action to be performed
by the step. Any of a variety of actions may be specified, depending on the particular
chemical process machine to be controlied. For example, some actions may directly
control mechanical components of the chemical process machine 118, such as by
opening or closing valves. Other actions may put the chemical process machine 118
into a particular mode of operation, such as a flow control mode. Other actions may
enable/disable alarms on the chemical process machine 118 or set alarm limits. Yet
other actions may display prompts to the operator to inform the operator about the
state of the process and/or to solicit input from the operator. Some actions may be
conditional actions, which will only be executed if certain criteria are satisfied. It should
be appreciated that these kinds of actions are provided merely for illustrative purposes
and do not constitute limitations of the present invention. Rather, different chemical
process may perform different actions and embodiments of the present invention are
not limited to being used with any particular chemical process machine or any
particular set of actions.

For the convenience of the user, steps may be clustered into groups of
steps having a common characteristic, such as a common function. For example,
referring to FIG. 3, a step group box 306 contains a list of step groups, such as

” 6

“Parameter Definition,” “Inlets,” and “Mixer Control.” Each step group contains one or
more steps. A step box 308 contains the list of steps within the step group that is
currently selected within the step group box 306. For example, as shown in FIG. 3, the
step group “Inlets” is currently selected within the step group box 306. As a result, the
steps within the step group “Inlets” are displayed within the step box 308. Such steps
include “Solution Source Close,” “Solution 1 Open,” and “Solution 2 Open.” The
“Action” field 304g of a step may be edited by selecting the appropriate step group in
the step group box 306 and by then selec:ting the desired step in the step box 308. It
should be appreciated that the use of step groups is provided merely as an example
and does not constitute a limitation of the present invention.

The “Value” field 304h specifies a value that is associated with the
“Action” field 304g of the ste;l). For example, if the action performed by a step is fo set
an atarm, the “Value” field 304h may specify a value at which the alarm is to be

triggered (i.e., an alarm limit). The type and range of values that may be provided in
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the “Value” field 304h of a step may vary depending upon the action to be performed
by the step. In general, the “Value” field 304h may be seen as providing a value that
further specifies the action to be performed by the step.

The "EGU” field 304i of a step specifies the engineering units
associated with the “Vaiue” field 304h, if any. For example, referring to FIG. 3, it can
be seen that the value of the “EGU” field 304i of step 302a is “psig,” indicating that the
units of the value -10 is psig. Not all actions may require or allow a value to be
provided for the “EGU” field 304i. .

The “Comments” field 304j provides the user with the ability to
optionally associate a textual comment with a step. Data stored in the “Comments”
field 304j is not transmitted to the programmable logic controller 116 and may include
any information desired by the user.

The “Label” field 304a of a step may be used to assign a textual label
to the step. Other steps may refer to a step using its label, in a manner similar to
labeled statements in assembly language or higher-level languages such as C and
C++. For example, a first step may conditionally branch to a second step, in which
case the first step may identify the second step by its label. In the particular example
shown in FIG, 3, noné of the steps 302a-g have labels.

The user may make execution of a step conditional upon the
satisfaction of one or more criteria. For example, as shown in FIG. 3, the “Criteria 1”
field 304b may be used to optionally specify a first criterion for a step. If such a first
criterion is specified, the step will only execute if the first criterion is satisfied. The first
criterion may be any of a variety of criteria. For example, the first criterion may require
that the “Value” field 304h of the step (described in more detail below) fall within a
particular range of values. More generally, a criterion may be any property of the
chemical process machine 118 or any event that may occur within the chemical
process machine 118, such'as the total amount of time the machine 118 has been
running, whether a certain pump in the machine 118 is enabled or disabled, whether
the operator has acknowledged an alarm, or whether certain process values (such as
pH or conductivity) have reached a specified setpoint.

The user may also optionally specify a second criterion for a step by
providing a value for a “Criteria 2" field 304d, and by using the “Bool” field 304c to
specify a Boolean connector to connect the “Criteria 1” field 304b and the “Criteria 2”
field 304d. The “Criteria 2" field 304d may contain any criterion, as described above
with respect to the “Criteria 1” field 304b. The “Bool” field 304c may, for example, have
a value of "AND” or “OR”. If the value of a step’s “Bool” field 304c is “AND,” then the
step will only execute if the criteria specified in the “Criteria 1” field 304b and the
“Criteria 2” field 304d are true. If the value of a step’s “Bool” field 304c¢ is “OR,” then
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the step will execute if either of the criteria specified int the “Criteria 1” field 304b and
the “Criteria 2” field 304d is true.

The user interface 3C0 of the operation editor 104 may be used to
create operations that include variable steps, fixed steps, or combinations thereof. For
example, the current operation shown in FIG. 3 includes five variable steps 302a-e and
two fixed steps 302f-g. The meaning of “variable” and “fixed” steps will be described in
more detail below with respect to the procedure editor 106. For now it will merely be
said that a variable step may subsequently be edited by a user after an operation
containing the step has been incorporated into a procedure, and that a fixed step may
not be so edited.

The “Parameter” field 304e and the “Global” field 304f are associated
with variable steps and will now be described in more detail. If the “Parameter” field
304e of a step is empty, then the step is a fixed step. For example, as shown in FIG. 3,
the “Parameter” field 304e of steps 302f gnd 302g are empty. Therefore, steps 302f
and 302g are fixed steps. In contrast, the “Parameter” field 304e of steps 302a-e
contain a value (i.e., “process”). Steps 302a-e are therefore v.ariable steps. The user
may use the user interface 300 to specify whether a particular step is a variable step by
selecting an appropriate vaILIJe for the step’s “Parameter” field 304e. Some types of
steps may be either variable or fixed steps (by either assigning or not assigning a value
to their “Parameter” fields), while other types of steps may only be variable steps.

Some kinds of variable steps may be input by the user using the user
interface 300 in other ways. For example, in one embodiment, a variable criterion is
inserted into an operation by selecting “Parameter Criteria” for the value of the step’s
“Criteria 1" field 304b. The value of “Parameter Criteria” acts as a temporary
placeholder for an actual criterion that may subsequently be specified by the user using
the procedure editor 106, as described in more detail below.

The “Global” field 304f of a step specifies whether the step may be
used as a global default variable, as described in more detail below. The “Global” field
304f is a binary field, having a value, for example, of either “yes” or “no.” The user may
specify a value of the “Global” field 304f of a step using the user interface 300 by, for
example, checking the corresponding checkbox to specify a value of “yes” and leaving
the checkbox unchecked to specify a value of “no.” The “Global” field 304f is only
applicable to variable steps.

Having described in general how the user interface 300 of the
operation editor 104 may be used to create operations 110, one embodiment of the
procedure editor 106 will now be described. In one embodiment of the present

invention, the procedure editor 106 provides a graphical user interface that a user of
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the computer 102 may use to edit the procedures 112. Referring to FIG. 4, an example
of such a user interface 400 is shown.

The user interface 400 includes a button 402 for creating a new
procedure (i.e., for adding an empty procedure to the procedures 112 shown in FIG. 1),
a button 404 for opening an existing one of the procedures 112 for editing in the
procedure editor 106 using the user interface 400, and a button 406 for saving the
procedure that is currently being edited u:sing the user interface 400. The procedure
that is currently being edited using the user interface 400 is referred to herein as the
“current procedure.”

As described above, a procedure includes a sequence of one or more
operations to be executed in| sequence. An operations box 410 in the user interface
400 displays a list of the operations contained within the current procedure. An
operation files box 408 displays a list of the operations 110. Any one of the operations
110 may be added to the current procedure by selecting the filename of the desired
operation in the operation files box 408 and clicking on an “Add Operation” button 412.
Any number of operations 110 may be added to the current procedure in this manner.
An operation may be removed from the current procedure by selecting the filename of
the operation in the operations box 410 and clicking on a “Remove Operation” button
414,

A user may use the procedure editor 106 to edit variable steps in any
of the operations contained within the current procedure. For example, referring to
FIG. 4, the user may select an operation to edit by selecting the filename of the
operation within the operations box 410 and double clicking on the filename.

Referring to FIG. 5, the procedure editor 106 may display a user
interface 500 fqr editing steps within the selected operation in response to double
clicking on the filename of the selected operation. The user interface 500 includes a
region 502 in which the variable steps of the selected operation are displayed in the
form of a spreadsheet that includes rows 504a-e and columns 506a-f. Each of rows
504a-e represents a step in the selected operation and each of columns 506a-f
represents a field in the steps. As a result, rows 504a-e may be referred to below
simply as “steps” and columns 506a-f may be referred to simply as “fields” for ease of
reference.

In the particular example shown in FIG. 5, the selected operation is the
same as the operation shown in FiG. 3. Steps 504a-e in FIG. 5 correspond to steps
302a-e in FIG. 3. Note in particular that the user interface 500 shows only the variable
steps of the selected operation, and not the fixed steps (i.e., steps 302f-g of FIG. 3). In
the example shown in FIG. 5, three tabs 508a-c are provided for displaying variable

steps having different values in their “Parameter” fields. For example, in FIG. 3 the
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“process” tab 508a‘is seletted. As a result, the user interface 500 displays those
variable steps of the selected operation for which the value of the “Parameter” field
304e (FIG. 3) is equal to “process.” Similarly, selecting the “initialize” tab 508b would
cause the user interface 500 to display those variable steps of the selected operation
for which the value of the “Parameter” field 304e is equal to “initialize.” It should be
appreciated that the use of tabs 508a-c is provided merely for purposes of example
and does not constitute a limitation of the present invention.

The user may use the user interface 500 to edit variable fields of the
steps 504a-e. The fixed fields of the steps 504a-e are illustrated in FIG. 5§ with a
hatched background, while the variable fields of the steps 504a-e are illustrated with a
white background. Consider, for example, step 504a. As shown in FIG. 5, only the
“Value” field 506d of step 504a is variable, while the remaining fields 506a-c and 506e-f
are fixed. As a result, the user interface 500 ailows the user to edit the data in the
“Value” field 506d of step 504a, but not the data in the other fields of the step 504a.
The user interface 500 may provide any means for editing the variable fields of the step
504a-e, such as conventional text boxes, check boxes, and drop-down lists.

Although in the examples described above, a variable step may
include one or more variable fields and one or more fixed fields, this does not constitute
a limitation of the present invention. Rather, all of the fields of a variable step may be
variable. ‘

There may be multiple types of variable steps. For example, a variable
step may be an analog setpoint. The step 502a is an example of such an analog
setpoint. In one embodiment, only the “Value” field 506d of an analog setpoint step is
variable, while the other fields are fixed. For example, as shbwn in FIG. 5, the “Value”
field 506d of step 504a is variable, allowing the user t6 edit the alarm limit of the step.
The user may not, however, edit the “Action” field 506b or other fields of such a step.

Another type of variable step is a discrete action step. The step 504b
is an example of such a step. In one embodiment, the user may choose one of two
different values for the “Action” field 506b of such a step. For example, with respect to
step 504b, the user may select a value of either “Feed Pressure Alarm Enable” or
“Feed Pressure Alarm Disable” for the value of the “Action” field 506b of the step. The
user may not edit any other fields of a discrete action step. Steps that involve binary
actions, such as enabling/disabling of alarms and closing/opening of values, may be
designated as discrete action steps.

Another type of variable step is a named action list. The step 504c is
an example of such a step. If a step is of the named action list type, then the user may
select a value for the step’s “Action” field 506b from among a predetermined list of

named actions. For example, referring to FIG. 5, it can be seen that the named action
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“Transfer Flow Path" has been selected as the value of the “Action” field 506b for the
step 504c. Clicking on the “Action” field 506b of the step 504c will cause the user
interface 500 to display a list of named actions from which the user may select. The
remaining fields of the step 504c may not be edited by the user.

Returning temporarily to FIG. 3, to create a step of the named action
list type using the user interface 300 of the operation editor 104, the user selects as the
value of the step’s “Action” field 304g the name of a named action list. For example,
the name “Flow Path” (shown in the step group box 306) is the name of a named action
list. It can be seen in FIG. 3 that “Flow Path” has been chosen as the value of the
“Action” field 304g of step 302c. There may be several named action lists from which
to choose. Selecting “Flow Path,” or the name of another named action list, as the
value of a step’s “Action” field 304g designates the step as being of the named action
list type, and defers the choice of the actual action to be performed by the step to the
user of the procedure editor 106, as described above. The set of named action lists
that are available for selection by the user may be specified by the configuration file
114.

Another type of variable step is a named action list with a value. The
step 504d is an example of such a step. If a step is of the named action list with a
value type, then the user may select a value both for the step’s “Action” field 506b
(from among a predetermined list of named actions) and a value for the step’s “Value”
field 506d. For example, referring to FIG. 5, it can be seen that the named action
“Retentate Control via Manual” has been selected as the value of the “Action” field
506b for the step 5044, and that the value of zero has been entered as the value of the
“Value” field 506d of the step 504d. The remaining fields of the step 504c may not be
edited by the user.

Another type of variable step is a variable criterion. The step 504e is
an example of such a step. One example of a way in which a user may use the
operation editor 104 to insert a variable criterion into an operation is described above
with respect to FIG. 3. When such a step (such as the step 504€) is displayed within
the user interface 500 of the procedure éditor 106, the user may select a particular
criterion to associate with the step by selecting a criterion from a drop-down list (not
shown) of available criteria.

Upon making any desired changes to the variable steps 504a-e, the
user may save the changes {o the current procedure by clicking on an “OK” button 510
or cancel the changes by clicking on a “Cancel” button 512. If the user saves the
changes to the current procedure, the changes are saved to the current procedure

(such as by modifying a procedure data structure described below with respect to FIG.
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6) without affecting other procedures that incorporate the current operation, as
described in more detail below.

it was mentioned above with respect to FIG. 3 that certain variable
steps may be designated as global variable steps. In one embodiment, the procedure
editor 106 allows the user to apply the values of all global variable steps in the first
operation in a procedure to corresponding variable steps in the remaining operations in
the procedure. For example, referring again to FIG. 3, note that step 302a has been
designated as a global variable step. The action of step 302a is “Feed Pressure LOLO
Alarm” and the value of the step is —10. Assume for purposes of example that the
operation iliustrated in FIG. 3 is the first operation in a procedure that includes several
operations. Because the step 302a is designated as a global variable step, the user
may apply the value of —10 to all steps in subsequent operations in the procedure that
have an action of “Feed Pressure LOLO Alarm” by clicking on the "Set Default
Setpoints” button 416 in the user interface 400.

The description above describes how to create and edit operations
110, and how to create and edit procedures 112 by combining one or more operations
110 in sequence and by optionally editing steps within the combined operations.
Execution of the procedures 112 by the chemical process machine 118 will now be
described in more detail.

Assume, for purposes of example, that the user desires to execute the
procedure 112a on the chemical process machine 118. The user may select the
procedure 112a for execution in any of a tvariety of ways. For example, the procedure
editor 106 may provide a user interface (not shown) for selecting one of the procedures
112 for execution. Such a user interface may take any of a variety of forms, sdch as an
“Execute Procedure” button or menu choice that may be selected by the user.

Upon selecting one of the procedures (in this example, procedure
112a), the procedure editor 106 or other component may transiate the steps in the
procedure 112a into instructions that may be understood by the programmable logic
controller 116. For example, as shown in FIG. 2, each of the steps 302a-g in an
operation may include a number of fields 304a-j, each of which may contain a textual,
Boolean, numeric, or other symbolic value. Each of the steps 302a-g may be stored
within the operations 110 using such textual, Boolean, numeric, or symbolic values or
in some other form. The form in which the operations 110 are stored may not,
however, bé suitable for transmission to and execution by the programmable logic
controller 116.

In one embodiment of the present invention, the procedure editor 106
uses a configuration file 114 to translate the steps contained in the operations 110 into

instructions that are suitable for transmission to and execution by the programmable
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logic controller 116. The configuration file 114 may, for example, include a translation
table that maps textual action names (such as those shown in the “Action” field 304g of
steps 302a-g of FIG. 3) to numerical instruction codes that are executable by the
programmable logic controller. The configuration file 114 may contain other
information that enables the procedure editor 106 to translate each of the steps in an
operation into equivalent codes that are executable by the programmable logic
controller 116. The process of translating the steps in the operations 110 into
instruction codes suitable for execution by the programmable logic controller is similar
to the process of compiling a high-level programming language such as C into machine
code that is executable by a processor such as an Intel Pentium processor.

It should be appreciated that different configuration files may be used
in conjunction with different chemical process machines. As a result, the same
operation editor 104 and procedure editor 106 may be used with a variety of chemical
process machines. To use the operation editor 104 and procedure editor 106 with a
particular chemical process machine, it is necessary only to provide a configuration file
that corresponds to the chemical process machine. This is advantageous because it
allows all of the beneficial felatures of the operation editor 104 and the procedure editor
106 to be used with a wide variety of chemical process machines without requiring that
the operation editor 104 and procedure editor 106 themselves be modified for use with
each chemical process machine.

Upon translating the steps in the operations of the procedure 112a
using the configuration file 114, the procedure editor 106 may transmit the resuiting
instructions to the programmable logic controller 116 for execution. In response, the
programmable logic controller 116 may cause the chemical process machine 118 to
execute the instructions; thereby carrying out the procedure 112a specified by the user
using the operation editor 104 and the procedure editor 106.

The configuration file 114 may be used by the operation editor 104
and/or procedure editor 106 for a variety of other purposes. For example, the
configuration file 114 may define a textual list of the names of actions that may be
performed by the chemical process machine 118, and may also group the action
names into step groups. Referring again to FIG. 3, the operation editor 104 may use
this information tp provide the list of step group names in the step group box 306 and to
provide the appropriate list of step names in the step name box 308 when the user has
selected a particular step group name. The configuration file 114 may also provide a
list of criteria names, and the operation editor 104 and/or procedure editor 106 may
allow the user to select from a drop-down list of such names when selecting a criterion
name (e.g., in field 304b or 304d). Similarly, the configuration file 114 may provide
minimum and/or maximum values for the “Value” field 304h of a step based on the
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value of the step’s “Action” field 304g, and may prohibit the user from entering values
that exceed the maximum value or fall below the minimum value. In these ways, the
operation editor 104 and/or procedure editor 106 may use the information contained
within the configuration file 114 to assist the user in programming operations that are
compatible with the particular chemical process machine 118 to be controlled.

Operations 110, procedures 112, and configuration file 114 are shown
in FIG. 1 and described generally above as being represented using data structures
that may be stored in a computer-readable memory, such as a Random ‘Access
Memory (RAM) of computer 102 and/or a hard disk drive. It should be appreciated that
the operations 110, procedures 112, and configuratioh file 114 may be represented and
stored in any of a variety of ways that will be apparent to those of ordinary skill in the
art.

For example, each of the operations 110 may be stored in a separate
file on a conventional hard disk drive. The file may have a file format similar to that of a
conventional spreadsheet file format suitable for storing information about each of the
steps, such as the information displayed in region 320 of FIG. 3. Operations 110 may,
however, be stored using any suitable data structure. For example, actions within
steps may be stored using numerical action codes rather than using textual action
descriptions such as those shown in the “Action” field 304g of FIG. 3.

Similarly, procedures 112 may be represented and stored using any
suitable data structure. For example, referring to FIG. 6, in one-embodiment
procedures may be represented using a data structure 600. The list includes m
elements 602a-m, corresponding to the m operations within the corresponding
procedure. The elements are arranged in an order corresponding to the order of the
operations in the procedure. Elements 602a-m include references 604a-m (pointers) to
the operations within the procedure. If, for example, operations 110 are each saved in
individual files, each of references 604a-m may be a filename of the file in which the
corresponding operation is stored.

As described above, an operation may include both variable steps and
fixed steps. As shown in FIG. 6, elements 602a-m may also include variable step
values 606a-m, which store the values of the variable fields of steps in the
corresponding operations. For example, assume t‘hat element 602a in FIG. 6
corresponds to the operation depicted in FIG. 5. As shown in FIG. 5, the operation
includes a total of six variable fields: the “Value” field of step 504a, the “Parameter”
field of step 504b, the “Parameter” field of step 504c, the “Parameter” field of step
504d, the “Value” field of step 504d, and the “Parameter” field of step 504e. The
remaining fields of the steps 504a-e of the operation depicted in FIG. 5 are fixed steps.
In one embodiment, the variabie step values 606a of the element 602a shown in FIG. 6
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contains the values of the six variable fields of the steps 504a-e of the operation
depicted in FIG. 5. The values of the fixed fields of the steps 504a-e are stored in the
operation referenced by the operation reference 605a. The operation file may be
viewed as a template that contains the values of fixed fields in the operation, while the
variable step values 606a of the procedure data structure 600 contains the values of
variable fields in the operation.

The variable step values 606a, although illustrated in generalized form
in FIG. 6, may be represented using any appropriate data structure, as will be apparent
to those of ordinary skill in the art. For example, the variable step values 606a may
itself comprise a list, wherein each element of the list includes: (1) a pointer to or other
identifier of a variable field in the corresponding operation, and (2) a particular value for
the variable field. In this way, the variable step values 606a-m stored in the procedure
data structure 600 may be combined with the fixed step values stored in the
corresponding operation files when, for example, the procedure is downloaded to the
programmable logic controller 116 for execution by the chemical process machine 118.

Among the advantages of various embodiments of the invention are
one or more of the following.

One advantage of various embodiments of the operation editor 104 is
that it allows some steps within an operation to be designated as variable steps and
other steps to be designated as fixed steps. This feature is advantageous for a variety
of reasons. For example, the ability to designate certain steps within an operation as
variable and other steps as fixed enables the developer of an operation to prevent end
users of the operation from modifying steps that have been tested and determined to
work properly. The developer may, for example, devélop an operation and test it to
ensure that it complies with legal requirements, industry standards, or other criteria.
The ability to make some or all of the steps in the operation fixed enables the
developer to prevent end users from modifying the fixed steps, thereby preventing the
user from introducing errors into the operation that may cause it to malfunction or to
violate applicable legal requirements or industry standards.

The ability, provided by various embodiments of the operation editor
104, to designate some steps as fixed but other steps as variables, provides the
developer of the operations 110 with a degree of flexibility that may be beneficial for a
variety of reasons. For exampte, although it may be desirable to make certain steps (or
portions thereof) fixed for the reasons described above, it may also be desirable to
allow the end user of the operations 110 to modify certain steps or portions thereof.
For example, although it may be necessary for an alarm to be enabled by a step at a
certain point in an operation, it may be desirable to allow the end user to modify the

particular alarm limit, since an appropriate alarm limit may vary depending upon the
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particular end user application. The operation editor 104 provides the developer of the
operations 110 with the flexibility to make such portions of particular steps variable,
while keeping other parts of the operation fixed.

Furthermore, the procedure editor 106 enforces the choices made by
the operations developer by only allowing the end user to edit those portions of the
steps of an operation that have been designated by the developer as variable. The
distinction between fixed and variable steps may be further enforced by packaging the
operation editor 104 and the procedure editor 106 separately, whereby the operation
editor 104 is targeted at developers of the operations 110 and the procedure editor 106
is targeted at end users. Similarly, within a particular organization, the operation editor
104 may be provided only to individuals responsible for developing and/or maintaining
the operations 110, while the procedure editor 106 may be provided to end users.

In addition to preventing end users from damaging the oberations 110
or making unauthorized changes to them, the procedure editor 106 also simplifies the
process of editing operations 110 from the point of view of the end user. In particular,
the use of a user interface such as the user interface 500 shown in FIG. 5, in which
only the variable steps of an operation are displayed to the end user, simplifies the task
of editing the operation. For example, as described above, each of-operations 110
often includes hundreds or thousands of steps, only a few of which the user may desire
to modify. Using conventional systems, the user must typically search through the
many steps in an operation to identify the steps to be modified, which can be very time-
consuming. In contrast, embodiments of the operation editor 104 described herein
display to the user only those steps within an operation that have been designated as
variable, thereby eliminating the need to search through an operation for steps to
modify. Typically, only a small number of steps in an operation are variable, and in
many cases all of them may be viewed on a computer monitor simultaneously.

Furthermore, as described above, according to various embodiments
of the operation editor 104 certain fields of a particular variable step may be designated
as variable fields, while other fields in the same step may be designated as fixed fields.
For example, referring to FIG. 5, the step:504a has a single variable field (the “Value”
field 506d), while the remaining fields are fixed. The variable fields may be designated
as variable and the fixed fields as fixed in any of a variety of ways. For example, in one
embodiment, the procedure editor 106 determines which fields in a variable step are
variable automatically basecli on the type of the variable step. For example, the
procedure editor 106 may be pre-programmed to determine that only the “Value” field
506d of an analog setpoint variable step, such as the step 5044, is a variable field and
that the remaining fields are fixed. In an alternative embodiment, the user of the

operation editor 104 may individually designate whether each field in a particular step
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is variable or fixed. In general, a “variable step” is defined herein as any step having at
least one variable field.

The ability to define certain fields within a step as variable and other
steps as fixed is advantageous because it strikes a balance between providing the
flexibility gained by providing the user with the ability to modify steps and the need to
prevent the user from modifying portions of an operation that have been tested or
should not be modified for some other reason. As shown in FIG. 5, in one embodiment
the procedure editor 106 shows all fields of a variable step to the user, and
distinguishes variable from fixed fields by displaying fixed fields with a gray background
and variable fields with a white background. Displaying all fields, even fixed fields, to
the user assists the user in determining what function is performed by a step and in
making any desired changes to the step. Making the fixed fields unmodifiable in the
user interface, however, prevents the user from editing fixed fields. The user interface
500, therefore, provides an efficient and convenient way for users to edit variable fields
in operations.

Another, related, advantage of the procedure editor 106 is that it aliows
the user to directly edit steps in operations contained within the procedure, unlike
previous systems in which the user was typically required to copy the operation files
used by the procedures and to edit the copied files, in order to prevent the changes
from propagating to other procedures that incorporate the same operations. Because
the procedure editor 106, however, stofes the changes made by the user in the
procedure data structure 600 shown in FIG. 6 without modifying the referenced
operation files, it is not necessary for the user or the procedure editor 106 to copy the
referenced operation files before editing them. Rather, any number of procedures may
be created that incorporate the operations 110, and the user may edit variable fields of
steps in the operations of such procedures, without making any changes to the
operations 110 themselves or requiring the files containing the operations 110 to be
copied. As a result, use of the procedure editor 106 may reduce the proliferation of
operation files that was associated with previous systems.

More generally, the speed and ease with which operations 110 and
procedures 112 may be edited using various embodiments of the operation editor 104
and the procedure editor 106 may be advantageously used to speed the process of
developing of biopharmaceuticals, thereby allowing them to reach the market more
quickly.

A further advantage of various embodiments of the operation editor
104 and the procedure editor 106 are that they may be used with any chemical process
machine. As described above, the configuration file 114 may contain information about
the steps that may be performed by the particular chemical process machine 118. The
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operation editor 104 and procedure editor 106 may therefore be designed to be generic
and to use the information in the configuration file 114 to tailor their various user
interfaces (such as the user interfaces 300, 400, and 500) to the particular chemical
process machine being programmed.

It is to be understood that although the invention has been described
above in terms of particular embodiments, the foregoing embodiments are provided as
ilustrative only, and do not limit or define the scope of the invention. Various other
embodiments, including but not limited to the following, are also within the scope of the
claims.

Although five operations 110a-e and three procedures 112a-c are
shown in FIG. 1 for purposes of example, there may be any number of operations or
procedures, in any combination. Furthermore, the operations 110 and procedures 112
may be distributed in any manner across any number and kind of storage devices.

Although an operation has been described herein as an ordered
sequence of steps and a procedure has been described herein as an ordered
sequence of operations, it should be appreciated that steps within an operation and
operations within a proceddre may also execute concurrently. For example, in one
embodiment of the present invention, steps within an operation may be grouped into
two or more “phases,” each of which consists of a sequence of steps. Multiple phases
within an operation may operate concurrently and communicate with each other.

Although particular examples are described above of techniques that
may be used to specify that particular steps within an operation are variable, it should
be appreciated that these examples do not constitute limitations of the present
invention. Rather, any techniques may be used to specify that particular steps within
an operation are variable or fixed, or to specify that particular fields within a step are
variable or fixed. For example, although in the examples shown and described above
a step is designated as variable by specifying a value for the step’s “Parameter” field, a
step may be designated in other ways, such as by checking a “Parameter” checkbox
(not shown). Similarly, the data structure that is used to represent and store a step
may include a separate field that is used to specify whether the step is a variable step
or a fixed step.

Elements and components described herein may be further divided
into additional components or joined together to form fewer components for performing
the same functions. The techniques described above may be implemented, for
example, in hardware, software, firmware, or any combination thereof. The techniques
described above with respect to the operation editor 104, procedure editor 106, and
programmable logic controller 116 may be implemented in one or more computer

programs executing on a programmable computer including a processor, a storage
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medium readable by the processor (including, for example, volatile and non-volatile
memory and/or storage elements), at least one input device, and at least one output
device. Program code may be applied to input entered using the input device to
perform the functions described and to generate output. The output may be provided
to one or more output devices. |

Each computer program within the scope of the claims below may be
implemented in any programming language, such as assembly language, machine
language, a high-level procedural programming language, or an object-oriented
programming language. The programming language may, for example, be a compiled
or interpreted programming language.

Each such computer program may be implemented in a computer
program product tangibly embodied in a machine-readable storage device for
execution by a computer processor. Method steps of the invention may be performed
by a computer processor executing a program tangibly embodied on a computer-
readable medium to perform functions of the invention by operating on input and
generating output. Suitable processors include, by way of example, both general and
special purpose microprocessars. Generally, the processor receives instructions and
data from a read-only memory and/or a random access memory. Storage devices
suitable for tangibly embodying computer program instructions include, for example, all
forms of non-volatile memory, such as semiconductor memory devices, including
EPROM, EEPROM, and flash memory devices; magnetic disks such as internal hard
disks and removable disks; magneto-optical disks; and CD-ROMs. Any of the
foregoing may be supplemented by, or incorporated in, specially designed ASICs
(application-specific integrated circuits). A computer can generally also receive
programs and data from a storage medium such as an internal disk (not .shown) or a
removable disk. These elements will also be found in a conventional desktop or
workstation computer as well as other computers suitable for executing computer
programs impl‘ementing the methods described herein, which may be used in
conjunction with any digital print engine or marking engine, display monitor, or other
raster output device capable of producing color or gray scale pixels on paper, film,
display screen, or other output medium.

What is claimed is:
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CLAIMS

1. In a system comprising a computer for controlling a membrane filtration
process, wherein a memory of the computer contains an operation comprising a
plurality of steps in the process, a method comprising steps of:
(A) identifying a first subset of the plurality of steps as fixed steps;
(B) identifying a second subset of the plurality of steps as variable steps;
and
(C) providing to a user of the system an interface through which the

variable stepé, but not the fixed steps, may be modified.

2. The method of claim 1, wherein the membrane filtration process comprises a

chromatography process.

3. The method of claim 1, wherein the membrane filtration process comprises a

tangential flow filtration process.

4. The method of claim 1, wherein the operation comprises a data structure
residing in the memory of the computer, wherein the data structure includes a
designation of each of the plurality of steps in the process as either a fixed step or a
variable step, and wherein: i

The step (A) comprises a step of identifying as fixed steps those steps in the
process that are designated by the data structure as fixed steps, and

The step (B) comprises a step of identifying as variable steps those steps in
the process that are designated by the data structure as variable steps.

5. The method of claim 1, wherein the step (C) comprises steps of:
(C)(1) displaying to the user at least some of the variable steps and none of the
fixed steps; and

(C)2) providing means to the user for editing the at least some of the variable
steps.

6. The method of claim 5, further comprising a step of:
(C)(3) displaying to the user at ieast some of the fixed steps in a form that is
not editable by the user.
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7. In a system comprising a computer for controlling a membrane filtration
process, a method comprising a step of:
(A) producing, within a memory of the computer, an operation comprising
a plurality of steps in the process, by performing steps of:
(1) producing within the operation at least one fixed step that may not
'be edited by a user of the computer; and
(2) producing within the operation at least one variable step that may

be edited by a user of the computer.

8. The method of claim 7, further comprising a step of:
(B) providing to the user of the system an interface through which the at
least one variable step, but not the at least one fixed step, may be

modified.

9. In a system comprising a computer for controlling a membrane filtration
process, wherein a memory of the computer contains an operation comprising a
plurality of steps in the process, and wherein the plurality of steps ﬁomprises at least
one variable step and at least one fixed step, a method comprising steps of:
(A) receiving input from a user indicating a modification to the at least one
variable step; and
(B) modifying the at least one variable step to reflect the input received
from the user in step (A).

10. The method of claim 9, further comprising a step of:
(C) prior to the step (A), providing to the user an interface through which
the at least one variable step, but not the at least one fixed step, may

be modified.

1. In a system comprising a computer for controlling a membrane filtration
process, wherein a memory of the computer contains an operation comprising a
plurality of steps in the process, and wherein the plurality of steps comprises at least
one variable step and at least one fixed step, an apparatus comprising:
means for receiving input from a user indicating a modification to the at least
ane variable step; and l
means for modifying the at least one variabie step to reflect the input received

from the user.

12. The apparatus of claim 11, further comprising:
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means for selecting the at least one variable step from among the piuraiity of
steps in the process; and

means for displaying to the user the at least one variable step.

13. In a system comprising a computer for coﬁtrolling a membrane filtration
process, wherein a memory of the computer contains a procedure data structure
comprising pointers to a plurality of operation data structures, and wherein each of the
plurality of operation data structures comprises at least one fixed step in the process
and at least one variable step in the process, a method comprising steps of:
(A) ‘providing to a user of the system a first interface through which a user
may select one of the plurality of operation data structures; and
(B) providing to the user a second interface through which the at least one
variable step, but not the at least one fixed step, of the selected

operation data structure may be modified.

14. In a system comprising a computer for controling a membrane filtration
process, wherein a memory of the computer contains a procedure data structure
comprising at least one pointer to at leagt one operation data structure, and wherein
the at least one operation data structure comprises at least one fixed step in the
process and at least one variable step in the process, a method comprising steps of:
(A) receiving input from a user indicating a modification to the at least one
variable step; and
(B) modifying the procedure data structure to reflect the input received
from the user in step (A).

15. The method of claim 14, wherein the step (B) comprises a step of storing the

modification indicated by the user in the procedure data structure.

16. The method of claim 14, wherein the procedure data structure comprises a file

stored in a file system accessible to the computer.

17. The method of claim 14, further comprising a step of:
(C) prior to the step (A), providing to the user an interface through which
the at least one variable step, but not the at least one fixed step, may
be modified.
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18. In a system comprising a computer for controlling a membrane filtration
process, wherein a memory of the computer contains a procedure data structure
comprising at least one pointer to at least one operation data structure, and wherein
the at least one operation data structure comprises at least one fixed step in the
process and at least one variable step in the process, an apparatus comprising:

means for receiving input from a user indicating a modification to the at feast
one variable step; and

means for modifying the procedure data structure to reflect the input received

from the user.

19.  The apparatus of claim 18, wherein the means for modifying comprises a step

of storing the modification indicated by the user in the procedure data structure.

20. In a system comprising a computer for controlling a membrane filtration
process, a procedure data structure residing in a memory of the computer, the
procedure data structure comprising:

at least one pointer to an operation data structure within the memory, wherein
the operation data structure comprises data for specifying at least one fixed step and at
least one variable step in the process; and

at least one datum specifying the at least one variable step.
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