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“Express Mail” mailing label number:

EL764880543U8S

RULE BASED CONFIGURATION ENGINE FOR A DATABASE

Kevin E. Gilpin
Adam R. Stein

BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates generally to computerized configuring systems. More
specifically, this invention relates to a system and method for testing the compatibility

of parts included in a configuration.

Description of the Related Art

Many products are comprised of individual parts or components. Currently,
configuring systems, also referred to as configuration engines, are available that allow
a user to configure a product by interactively selecting components from among
various groups based on availability and compatibility of features and options for the
product. One known system is described in U.S. Patent No. 5,825,651, entitled
“Method and Apparatus For Maintaining and Configuring Systems,” issued October
20, 1998, (hereinafter the “‘651 patent”), which is assigned to the same assignee as

the present invention, and is hereby incorporated by reference.

In one embodiment of a configuration system disclosed in the ‘651 patent, a
framework for defining a product line includes a set of related components that are
selected from a parts catalog. A product might consist of several hundred individual
parts that are organized into part groups and are available on one or more of a number
of products. A product is modeled by describing which parts and part groups are
available in that product and which choices must be made from within the part
groups, and then by writing additional rules that describe part-to-part relationships

which are not modeled by the product structure. A compiler converts the product
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structure and the rules into four rule types: includes (parts that are included by
default), excludes, removes, and requires choice (a choice among a group of parts that
must be made to achieve a valid configuration). Parts may also be classified as

optional which signifies that they can be optionally included in the configuration.

After compilation, there may be several hundred, several thousand, or even
more of these rules. When the system loads the model, all parts and products should
initially be in a “selectable” state, which means that the client or user is allowed to
choose them. When the client selects a part, that part is put in the “selected” state.
Parts that are included by the selected parts enter the “included” state, and parts that
are excluded by the selected parts enter the “excluded” state. Parts that were
previously included but are removed by a “removes” rule are in the “deleted” state.
Each part must always be in exactly one state. Parts that are selected by a user or are
included are referred to as “selected”. Parts that are excluded or deleted are referred

to as “not selectable”.

As product models grow in size and complexity, configuration errors may
occur when a rule or series of rules is not properly defined and produces an undesired
effect, such as the exclusion of a part that should be selectable. Configuration errors
may also occur when a series of improperly defined rules causes a part to be in more
than one state at the same time, such as “included” and “excluded”, or “selected” and

“deleted”.

For large models, such errors may be difficult to find due to the large number
of rules in the model, the unexpected effects of some configuration operations, and
the complex interactions between rules. It is therefore desirable to have an automated
testing tool to locate and analyze configuration errors, so that the rules may be

corrected.

SUMMARY

The invention provides in one embodiment the ability to test rules in a rule-

based system for configuring a product. A configuration system defines the
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components of a product using elements contained in a parts catalog and rules that
define relationships between the components of a product. The user provides test
cases that select at least one part to include in the product configuration, and the
configuration tester processes the rule to determine whether the at least one part
selected in the test case conflicts with the plurality of parts previously included in the

product configuration.

In one embodiment, the invention provides a method of testing a product
configuration in a system for generating product configurations that include a variety
of component parts. The configuration system includes one or more rules that define
a relationship between at least two parts. The method includes entering a test case
that selects at least one part to include in the product configuration. The system then
processes the rule to determine whether part selected in the test case conflicts with
parts that are already included in the product configuration, that is, whether the rule

conflicts with other rules.

To test new rules, one embodiment of the invention initializes the
configuration system with a part state and inputs at least one part selection as
specified in the test case. A component referred to as a “listener” detects state change
events that result in the system being in the initialized part state. Another component
of the invention generates a cause that explains the part state in terms of the state
change event, and generates a new part state for each part associated with the cause.
The invention then determines the cause or causes that explain the new part states in

terms of the state change event.

One feature of an embodiment of the invention generates a cause tree wherein
the root of the cause tree is the initial part state, and “leaves” of the tree are the user’s

selections of parts.

Another component of an embodiment of the invention is an “explainer”
which generates an explanation of the part state wherein the part selections are the
root of the explanation and the causes follow from the part selections. The

explanation(s) are based on selection of a part, execution of a rule, a part being in two
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states at the same time, a requires choice rule that cannot be satisfied, or on a look
ahead process. To provide an explanation of how the system arrived at a particular
part state, the invention sorts the tree by iteration number, wherein the iteration
number of a part state is determined by measuring the longest distance between the

part state and the cause corresponding to the part state.

In another embodiment, the invention is distributed as an article of
manufacture, namely a computer usable medium having computer readable program
code embodied therein for testing a product configuration in a system for generating
product configurations. The system includes at least one rule defining a relationship

between at least two parts, and the product configuration includes a plurality of parts.

The computer readable program code is configured to cause a computer to
allow a user to enter a test case, wherein the test case selects at least one part to
include in the product configuration. The program code then causes a computer to
process the at least one rule to determine whether the at least one part selected in the
test case conflicts with the plurality of parts previously included in the product
configuration. This is accomplished by the computer readable program code causing
a computer to initialize the system with a part state, to input the part selection to the
system; and to listen to state change events in the system to detect when a state

change event occurs that results in the system being in the initialized part state.

The program code then causes a computer system to determine the cause or

causes that explain the new part states in terms of the state change event.

One feature of the program code causes a computer to generate a cause tree
wherein the root of the cause tree is the initial part state, and “leaves” of the tree are

the user’s selections of parts.

Another component of the program code causes a computer to execute a
component referred to as an “explainer” which generates an explanation of the part
state wherein the part selections are the root of the explanation and the causes follow

from the part selections. The explanation(s) are based on selection of a part,
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execution of a rule, a part being in two states at the same time, a requires choice rule
that cannot be satisfied, or on a look ahead process. To provide an explanation of
how the system arrived at a particular part state, the invention sorts the tree by
iteration number, wherein the iteration number of a part state is determined by
measuring the longest distance between the part state and the cause corresponding to

the part state.

The foregoing has outlined rather broadly the objects, features, and technical
advantages of the present invention so that the detailed description of the invention

that follows may be better understood.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram of a computer system with which the present

invention may be utilized.

Figure 2 is a block diagram of an embodiment of a maintenance and

configuration system with which the present invention may be utilized.

Figure 3 is a block diagram of a maintenance and configuration tester system

according to an embodiment of the present invention.

Figure 3a is a block diagram of configuration tester modules included in an

embodiment of the present invention.

Figure 3b is a diagram of an example of a cause/effect tree.

Figure 3¢ is a diagram of an example of a lookahead subtree embedded within

a cause/effect tree.

Figure 3d is a diagram of an example of a lookahead subtree collapsed to a

single node in the cause/effect tree.
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The present invention may be better understood, and its numerous objects,
features, and advantages made apparent to those skilled in the art by referencing the
accompanying drawings. The use of the same reference symbols in different drawings

indicates similar or identical items.

DETAILED DESCRIPTION

A method and apparatus for testing a system for maintaining and configuring
products is described. The present invention can be implemented on a general
purpose computer system 130 such as illustrated in Fig. 1. Computer system 130 may
be one of many workstations or servers connected to a network such as a local area
network (LAN), a wide area network (WAN), or a global information network such as

the Internet through network interface 140.

CPU 132 can be constructed from one or more microprocessors and/or
integrated circuits. Main memory 136 stores programs and data that CPU 132 may
access. When computer system 130 starts up, an operating system program is loaded
into main memory 136. The operating system manages the resources of computer
system 130, such as CPU 132, audio controller 142, storage device controller 138,
network interface 140, I/O controllers 146, and host bus 134. The operating system
reads one or more configuration files to determine the hardware and software

resources connected to computer system 130.

During operation, main memory 136 includes the operating system,
configuration file, and one or more application programs with related program data.
Application programs can run with program data as input, and output their results as
program data in main memory 136 or to one or more mass storage devices through a
memory controller (not shown) and storage device controller 138. CPU 132 executes
one or more application programs, including one or more programs to establish a
connection to a computer network through network interface 140. The application
programs may be embodied in one executable module or may be a collection of
routines that are executed as required. Operating systems commonly generate

“windows”, as well known in the art, to present information about or from an
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application program, and/or to allow a user to interact with an application program.
Each application program typically has its own window that is generated when the
application program is executing. Each window may be minimized to an icon,
maximized to fill the display, overlaid in front of other windows, and underlaid

behind other windows.

Storage device controller 138 allows computer system 130 to retrieve and
store data from mass storage devices such as magnetic disks (hard disks, diskettes),
and optical disks (DVD and CD-ROM). The information from the DASD can be in
many forms including application programs and program data. Data retrieved through
storage device controller 138 is usually placed in main memory 136 where CPU 132

can process it.

One skilled in the art will recognize that the foregoing components and
devices are used as examples for sake of conceptual clarity and that various
configuration modifications are common. For example, audio controller 142 is
connected to PCI bus 156 in Fig. 1a, but may be connected to the ISA bus 138 or
reside on the motherboard (not shown) in alternative embodiments. As further
example, although computer system 130 is shown to contain only a single main CPU
132 and a single system bus 134, those skilled in the art will appreciate that the
present invention may be practiced using a computer system that has multiple CPUs
132 and/or multiple busses 134. In addition, the interfaces that are used in the
preferred embodiment may include separate, fully programmed microprocessors that
are used to off-load computationally intensive processing from CPU 132, or may
include input/output (I/0) adapters to perform similar functions. Further, PCI bus 156
1s used as an exemplar of any wput-output devices attached o any 1/O bus, AGP bus
159 is used as an exemplar of any graphics bus; graphics device 154 is used as an
exemplar of any graphics controller; and host-to-PCI bridge 160 and PCI-to-ISA
bridge 162 are used as exemplars of any type of bridge. Consequently, as used herein
the specific exemplars set forth in Fig. 1 are intended to be representative of their
more general classes. In general, use of any specific exemplar herein is also intended
to be representative of its class and the non-inclusion of such specific devices in the

foregoing list should not be taken as indicating that limitation is desired.




10

15

20

25

30

Attomney Docket No.: M-7822 US

The invention detects and analyzes configuration errors in a system for
configuring products such as described in the ‘651 patent. A brief description of the
‘651 patent is provided in the following paragraphs as background for understanding

the present invention.

Brief Description Of The ‘651 Patent

Referring to Fig. 2, one embodiment of configuration engine 200 disclosed in
the 651 patent is shown. Configuration engine 200 is rule-based, and includes
maintenance environment 202 and configuration environment 204. Maintenance
environment 202 includes zero or more individual parts, or components, in parts
catalog 206. Part relationships 208 defines relationships between a first set of parts
and a second set of parts so that when all of the members of the first set of parts are
selected, the relationship between the two sets is enforced on the parts in the second
set. A set of parts can include mulitiple parts. The incorporation of parts in a set can
be arbitrary. That is, a multi-part set can contain parts that are otherwise unrelated.
For example, for the purpose of configuring an automobile, a set can contain parts
such as an engine, sun roof, and a color. These parts seem to be unrelated, but they
can be combined into a part relationship 208 for purposes of forming a relationship

using an embodiment of configuration engine 200.

In one embodiment, there are four kinds of part relationships 208 between
parts: requires choice, includes, excluded, and removes. An included part is included
automatically. A part is excluded from the configuration when its inclusion would
result in an invalid configuration. A part may be removed when another part is added.
Thus, when a first part exists in the configuration and a second part is added, the first
part is removed from the configuration if there is a conflict. The requires choice
relationship is used to allow a set of choices to be made from a group of parts. The
number of parts chosen is limited to a valid bounds specification. The relations that
are created between parts within a product are enforced only on that particular
product. However, if some part relationships 208 are to be enforced on all products
within a product line, then the relations are generated once and enforced for all

products.

10
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One or more product definitions 210 are generated by a population of
component parts. Using configuration engine 200, a user can configure a product
given product definitions 210 and part relationships 208 associated with product
definitions 210. Configuration environment 204 accepts a configuration user’s input
and processes it in product specification/verification 212 to verify the product
configuration, and to update the specification based on the user’s input, or to notify

the user that the input is invalid based on product definitions 210 and user selections.

A graphical user interface (GUI) is used to allow the user to interactively
generate product definitions 210. GUI operations such as drag, drop, and selection

operations can be used to specify product definitions 210.

Relationships associated with items contained in product definitions 210 are
evaluated when user input is received. Configuration engine 200 determines which
relationships are active and inactive given the user input. A relationship is active
when all the items in a product’s product definition 210 are selected. A relationship is

inactive until all of the parts in a product’s product definition 210 are selected.

Configuration engine 200 is used to configure a product using a definition
created by the maintenance environment 202. Configuration environment 204
ensures that the current configuration state is always valid. The user can select and
unselect parts in any order. When user input is received, product
specification/verification 212 validates the input based on the current state of the
configuration. In addition, the product specification/verification 212 identifies
selections that could cause a valid configuration to become invalid. Product
specification/verification 212 removes these selections from the set of possible

selections so that the user does not make an invalid selection.

Configuration engine 204 evaluates the current state of a configuration based
on product definitions 210, part relationships 208, and state information. After receipt
of input from a user, product specification/verification 212 evaluates relationships in
both the forward and backward direction. Forward and backward evaluations can

result in the addition or deletion of elements from the product configuration.

11
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During configuration, information is stored in tables and vectors.
Configuration engine 200 represents elements in a configuration (e.g., product, part,
and group) as bits in a bit vector. Thus, for example, a vector includes a number of
bits is equal to the total number of elements. An element’s bit can be set or reset to
specify the state of the element in the current configuration. For example, a user
vector can be used that specifies for each element whether the element has been
selected by the user during the configuration. In addition, excluded and removed
vectors identify whether an element is excluded or removed (respectively) from a
configuration. Vectors can be used to identify whether an element 1) has been
selected (by the user or the configuration system), 2) is selectable, and 3) not

selectable.

Tables contain element relationships. A table is used to represent the includes,
excludes, removes, and requires choice relationships, for example. Each table has a
left-hand side and a right-hand side that corresponds to the left-hand and right-hand
sides of a relationship. In each case, the left-hand side is a bit vector that contains bits
corresponding to elements. The includes, excludes and removes tables contain a bit
vector in the right-hand side that represents configuration elements. The right-hand
side of the requires choice table is a pointer that points to an entry in a group table.
The group table entry is a bit vector that identifies the elements that are contained in
the group from which a choice is to be made. The right-hand side of a requires choice
table entry further includes minimum and maximum designations. Minimum and
maximum values identify the minimum and maximum number of group members that

are to be selected to satisfy a requires group relationship.

The bit vector implementation of relationships and internal runtime state
allows for fast and efficient computation of relationship-based configuration. A

comparison of bits can be performed in one machine instruction in most cases.

There are many ways that errors can be introduced into a configuration,

however, the effects of these errors can be categorized in 2 groups:

10
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1) A part is put in a state which was not intended by the user (state error),

or

2) A part is put in more than one state at the same time (exception error).

Errors may be caused by a single rule, or by a chain of rules. Complex errors
are often caused by a “look ahead” process included in product
specification/verification 212 that test-selects each product (if more than one product
is selectable) to make sure that it is in fact selectable. The look-ahead process helps
insure that the state of a product is not reported as selectable when selection of that
product would lead to a rule conflict. The look-ahead process also determines the sets

of parts that are excluded or deleted by every selectable product.

Further errors may arise with requires choice rules, which typically require
that between some minimum (min) and maximum (max) number of choices must be
made from a set of parts. For example, there is always an implicit requires choice rule
that specifies that at least exactly one (min/max = 1/1) part must be selected for a
product. Requires choice rules are complex to evaluate because they may cause many
kinds of inferences. In general, there is no way to determine whether a selectable part
is actually selectable without selecting it and checking to see whether it causes a
conflict. In order to ensure that each selectable part is not going to cause such a
conflict, configuration engine 200 would have to select a selectable part after each
user selection, which is too computationally expensive. The following examples of

each type of error illustrate the problem.

State Errors

The simplest types of state errors are caused when a rule has been accidentally
omitted or written. For example, the user may select PartA and PartB, and then note
that ‘PartC’ is excluded rather than selectable. In the simplest case, this may be due

to the following rule in the model:

PartA Excludes PartC

11
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Or, there may be a rule:

PartA Requires Choice (min/max = 1/1) { PartB, PartC }

Here, selecting PartA implies that either PartB or PartC must be selected. Selecting
PartB causes configuration engine 200 to infer that PartC must be Excluded.

Alternatively, multiple rules may cause a state change, for example:

PartA Includes PartX
PartX Excludes PartC

Here, selecting PartA causes PartX to be included, which then causes PartC to be

excluded.

State errors can also be caused by the look-ahead process. Suppose the

following rules are written:

ProductA Excludes PartA

ProductB Includes PartB

ProductB, PartB Excludes PartA

ProductC RequiresChoice (min/max 1/1) PartA, PartC
ProductC Includes PartC

Even if the user has not made any selections, PartA will be excluded by the look
ahead process for each of products A, B, and C. Detecting state changes that are
caused by the look-ahead process is particularly difficult because for each product

there may be a different rule chain or exception error that causes the state error.

Exception Errors

Sometimes, rules may be inadvertently written that cause a conflicting state

exception. The simplest case can be summed up by the rules:

PartA includes PartB

12
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PartB excludes PartA

If PartA is selected, then PartB will be Included. But then the second rule causes
PartA to be excluded. This conflicting state cannot be reconciled, and an exception is

raised.

Most exception conditions are more complex than this one. For example,
selecting a part that is in a requires choice rule may cause the requires choice rule to

be unsatisfiable as follows:

PartA requires choice (min/max=1/1) { PartB, Part C }
PartB includes PartC

In the preceding rules, if PartA is selected, selecting PartB will cause an exception

error because the requires choice rule will not be satisfiable.

Configuration Testing

Fig. 3 shows an embodiment of the present invention for configuration tester
system 300 that includes several components for detecting and analyzing
configuration errors. One component is configuration tester graphical user interface
(CTGUI) 302 that enables users to enter new rules 304 and define test cases 306 that
describe the expected behavior of their models to test the configuration. New rules
304 are input to parts relationships 308 and product definitions 310 in configuration
engine 312. Test cases 306 describe one or more sets of selections that should be
made, and sets of parts and their expected states based on new rules 304, as well as
rules previously included in parts relationships 308 and product definitions 310. For
example, test cases 306 may describe the selection of a product and several parts. It
may then ensure that some other set of parts is excluded, and a third set is included.

An example of a test case in test cases 306 is:

Select ProductA
Select PartA
Ensure that ( PartB, PartC ) are excluded

13
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Ensure that ( PartD ) is included

Once test cases 306 are written, configuration tester modules 314 run each test
case 306 and verify that the tested parts are in the right state. If a test fails,
configuration tester modules 314 determine why a part is in a certain state and explain
the state as described below. The database of pre-existing rules can then be modified

to correct errors found by configuration tester modules 314.

Configuration tester modules 314 include driver and listener module 316,
debug engine 318, and explainer 320. Fig. 3a shows interrelationships of
configuration tester modules 314 including types of data communicated between
driver and listener 316, debug engine 318, and explainer 320, during operation.
Driver and listener 316 selects parts from test cases 306 and sends the part selections

to debug engine 318.

Debug engine 318 processes new rules 304 using the part selections, and sends
state change events to driver and listener 316 as state changes result from the rules
executing, exceptions occurring, and execution of the look ahead process. In the ‘651
patent, configuration engine 200 (Fig. 2) is optimized for very high performance. In
one embodiment, configuration tester system 300 includes components of
configuration engine 200 such as parts catalog 206, parts relationships 208, product
definitions 210, and product specification/verification 210. Configuration tester
system 300 can run in test mode or normal mode so that no performance penalties are
imposed when operating configuration tester system 300 in normal mode. This is
accomplished by executing all features and components of configuration tester system

300 from debug engine 318, which is only used in test mode.

The application program interface (API) to debug engine 318 includes
program instructions to include new rules 304 with existing rules in parts relationships
208 and product definitions 210, and to run test cases 306 through product
specification/verification 210. Debug engine 318 presents the same AP as the
normal mode of configuration engine 200 for selecting parts. CTGUI 302 is used to

specify which test cases to run. Whenever a condition occurs that causes a part state

14
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change, debug engine 318 detects this condition and transmits an appropriate notice to

driver and listener 316 for the listener portion to handle and interpret the events.

Driver and listener 316 listens to the state change events and constructs a tree
of the rule chains that are executing in debug engine 318 and resulting states. When a
state error occurs, driver and listener 316 executes a driver to recreate the error
condition for the part for which the state error occurred, along with all the part
selections that caused the error to occur. The combination of the part and its state is

represented by a part state.

In one embodiment, the part-state includes an identifier for the part, the state
of the part, the selections which have been made (which are always a subset of the
total user selections), and, optionally, the product for which lookahead is currently

being run. For example, a part-state may represent:

Part A is included after selecting Part X and Part Y,
or
Part B is excluded with no selections during lookahead on Product X.

Each part-state also has a Cause, which is initially null. Configuration tester
system 300 determines the Cause of the part state (a rule firing, an exception, a user

selection, etc) and sets the Cause of the part-state.

Driver and listener 316 interfaces with debug engine 318. The driver portion
of driver and listener 316 starts submitting the part selections that led to the error until
a state change event occurs that recreates the error condition. The listener portion of
driver and listener 316 is responsible for handling the state change events. It may

happen as a result of any of the following:

1) A user selection
2) A rule executing
3) A rule conflict (exception error)

4) Operation of the look ahead process

15
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In each case, the driver generates a cause, which represents the event and the
state change that resulted from it. Then, based on this new information, further
analysis to explain the part state may be required to explain the error in accordance

with the following summary:

Cause Explanation Next steps
Complete?

User Selection Yes

Rule Executing No Determine why the rule executed

Conflicting State Exception No Explain each of the conflicting

(part is in 2 states at the same states

time)

Unsatisfiable requires choice No Determine why the requires

exception choice rule executed, and
explain the state of the parts that
caused it to be unsatisfiable

Look ahead process No Explain the state of the part in
each selectable product

5 Driver and listener 316, and debug engine 318, are recursive. The driver

portion of driver and listener 316 is initialized with a single part state, along with a set

of user selections. The user selections are specified in the test case. The driver inputs

each user selection one by one, until the listener gets a state change event that
explains the part state. Then the listener generates a cause that explains the part state

10 in terms of the event. The listener also generates a new part state for each part
associated with the cause. Then driver and listener 316 start over to find the causes
that explain the new part states. Eventually, all part states can be explained in terms
of a user selection. The explanation of the original part state is thus represented by a
tree of causes and part states. The original part state is the root of the tree. The

15  second level of the tree, i.e., the leaves, consist of the causes that caused the root part

state. The next level is the part states that caused the causes, and so on.

For example, in one embodiment, suppose the task is: Explain why A is

Included if X and Y are UserSelected. The tree might look like this:
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PartState Cause
Part: A »| Type: Rule
State : Included Rule : X, Y Includes A
A
PartState Cause
Part : X » Type:
State : UserSelected UserSelection
\ 4
PartState Cause
Part: Y » Type:
State : UserSelected UserSelection

Each PartState points to its Cause. If the Cause is a RuleCause, the Cause points to
the parts that caused the rules to fire and their state is in turn explained with Cause

objects.

Explainer 320 converts the tree into a format that readily allows the user to
visualize the rules that are causing an erroneous result in the configured product. The
root of the tree is the initial goal part state, and the leaves of the tree are the user’s
selections of parts. It is more intuitive to the user, however, to see the part selections
as the root of the explanation, and then the chain of causes that follow from these
selections. Accordingly, explainer 320 accepts the tree as input, and generates a
description of the sequence of events by modeling the logical operation of
configuration engine 312, not the literal sequence of actions. This is because
converting the tree requires more than post-order traversal, which only provides a
trace of the state of configuration engine 312. Logically, configuration engine 312
operates in a series of cause-and-effects iterations. In each iteration, configuration
engine 312 first determines which rules should execute, and then applies the results of

those rules to the current state of the configuration. The process then repeats until the
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internal state of the configuration is no longer changing with each iteration. At this
point, equilibrium is reached, and configuration engine 312 is ready to once again

receive another selection of a part as input.

Explainer 320 determines the stem for each cause in a given iteration from
part states in previous iterations, and determines the cause for each part state in the
same iteration. This provides a mechanism for grouping and sorting the tree by
iteration. In the simple case, the iteration number of a given part state is determined
by measuring the longest distance between a part state and a leaf cause. For any
given node in the cause/effect tree, the distances between that node and all the leaves
of the tree that connect to that node can be counted. The maximum of this set of
values is the maximum depth of the node, which is also the iteration number for that
cause/effect. Fig. 3b shows an example of a cause/effect tree where the maximum

depth of cause/effect 4 is two (2) (level 3 minus level 1).

Consider, for example, the following set of rules:
1) A includes X

2) B excludes Y

3) A,C, X require Y,Z

And the following sequence of events:

1) User picks A

2) Rule 1 brings in part X
3) User picks B

4) Rule 2 excludes Y

5) User picks C

6) Rule 3 includes Z

There are several things to notice in this example. First, the order of user
selections is irrelevant with regard to the logical operation of configuration engine

312 is concerned. Also, the order of execution of rules 1 and 2 is irrelevant. These

details are abstracted away when the sequence of events is broken into logical rounds:
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Round 1: User selects A, B, C

Round 2: Rule 1 includes X
Rule 2 excludes Y

Round 3: Rule 3 includes Z

The latter description eases understanding the logical flow of configuration
engine 312, and better highlights the dependencies between user actions and rules.
This is especially true in situations involving more complex series of rules. For the
preceding example, the latter representation makes it immediately clear that the
activations of rules 1 and 2 are not causally linked events, whereas the first
representation leaves open the possibility that rule 2 executes as a consequence of rule
1.

Complications Caused By Look Ahead

In the look ahead process, configuration engine 312 makes a series of
selections to determine what would happen if the user chose particular parts. Many
rules can execute within a particular look ahead scenario, but eventually all of these
rule executions are retracted, and the results of the look ahead process are applied to
the current product being configured. Therefore, an entire look ahead event happens
within an individual round of configuration engine 312 activity, even though the look
ahead event itself may contain many rounds of executing rules. The recursive aspect
of the causes and part states tree is taken into account to invert the causes and part
states tree with explainer 320. Essentially, explainer 320 regards look ahead events as
branches within the main tree, and collapses them down to single nodes when
calculating the proper round in which to place a given cause or part state. An
example of what happens during look ahead is: given two products, P1 and P2, and
the rules ‘P1 excludes A’, ‘P2 excludes A’, Lookahead internally selects each
selectable product in turn, and determines whether there are any parts which are
excluded by all products. In this example, A would be excluded by lookahead. To
the explainer, this can be summarized as ‘A is excluded by Lookahead’, but within

each product, the rules provide a further cause.
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Figs. 3¢ and 3d show how lookahead nodes are collapsed to a single node of
the main cause/effect tree. Specifically, Fig. 3¢ shows lookahead nodes 4.1 though
4.5 expanded within the main cause/effect tree 322, while Fig. 3d shows lookahead

subtree 324 collapsed into lookahead cause/effect 4 in main cause/effect tree 326.

In one embodiment, Explainer 320 is designed in an object-oriented fashion
that allows key elements of the process to be overridden to provide specialized
behavior. For example, some configuration models are generated automatically from
known product data descriptions or other sources. Explainer 320 can be overridden to
trace explanations all the way back to these original rule sources. Explainer 320 can
also be overridden to integrate data from historical logs or databases, as well as data

input by the user.

The present invention has been described in the context of a fully functional
computer system, however those skilled in the art will appreciate that the present
invention is capable of being distributed as a program product in a variety of forms,
and that the present invention applies equally regardless of the particular type of
signal bearing media used to actually carry out the distribution. Examples of signal
bearing media include: recordable type media such as floppy disks and CD-ROM,
transmission type media such as digital and analog communications links, as well as

media storage and distribution systems developed in the future.

Additionally, the foregoing detailed description has set forth various
embodiments of the present invention via the use of block diagrams, flowcharts, and
examples. It will be understood by those within the art that each block diagram
component, flowchart step, and operations and/or components illustrated by the use of
examples can be implemented, individually and/or collectively, by a wide range of
hardware, software, firmware, or any combination thereof. In one embodiment, the
present invention may be implemented via Application Specific Integrated Circuits
(ASICs). However, those skilled in the art will recognize that the embodiments
disclosed herein, in whole or in part, can be equivalently implemented in standard
integrated circuits, as a computer program running on a computer, as firmware, or as

virtually any combination thereof and that designing the circuitry and/or writing the

20

22




Attorney Docket No.: M-7822 US

code for the software or firmware would be well within the skill of one of ordinary

skill in the art in light of this disclosure.

While the invention has been described with respect to the embodiments and
variations set forth above, these embodiments and variations are illustrative and the
invention is not to be considered limited in scope to these embodiments and
variations. Accordingly, various other embodiments and modifications and
improvements not described herein may be within the spirit and scope of the present

invention, as defined by the following claims.
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WHAT IS CLAIMED IS:

1. A method of testing a product configuration in a system for generating
product configurations, the system including at least one rule defining a relationship
between at least two parts, the product configuration including a plurality of parts, the
method comprising:

entering a test case, wherein the test case selects at least one part to include in

the product configuration; and

processing the at least one rule to determine whether the at least one part

selected in the test case conflicts with the plurality of parts previously

included in the product configuration.

2. The method, as set forth in claim 1, wherein processing the at least one rule
to determine whether the at least one part selected in the test case conflicts with the
plurality of parts previously included in the product configuration, further includes:

initializing the system with a part state;

inputting the at least one part selection; and

listening to state change events in the system to detect when a state change

event occurs that results in the system being in the initialized part state.

3. The method, as set forth in claim 2, wherein processing the at least one rule
to determine whether the at least one part selected in the test case conflicts with the
plurality of parts previously included in the product configuration, further includes:

generating a cause that explains the part state in terms of the state change

event.

4. The method, as set forth in claim 3, wherein processing the at least one rule
to determine whether the at least one part selected in the test case conflicts with the
plurality of parts previously included in the product configuration, further includes:

generating a new part state for each part associated with the cause.
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5. The method, as set forth in claim 4, wherein processing the at least one rule
to determine whether the at least one part selected in the test case conflicts with the
plurality of parts previously included in the product configuration, further includes:

determining the causes that explain the new part states in terms of the state

change event.

6. The method, as set forth in claim 5, further comprising:
generating a cause tree wherein the root of the cause tree is the initial part

state, and leaves of the tree are the user’s selections of parts.

7. The method, as set forth in claim 6, further comprising:
generating an explanation of the part state wherein the part selections are the

root of the explanation and the causes follow from the part selections.

8. The method, as set forth in claim 7, wherein the explanation is based on

selection of a part.

9. The method, as set forth in claim 7, wherein the explanation is based on

execution of a rule.

10. The method, as set forth in claim 7, wherein the explanation is based on a

part being in two states at the same time.

11. The method, as set forth in claim 7, wherein the explanation is based on a

requires choice rule that cannot be satisfied.

12. The method, as set forth in claim 7, wherein the explanation is based on a

look ahead process.

13. The method, as set forth in claim 7, further comprising:
sorting the tree by iteration number, wherein the iteration number of a part
state is determined by measuring the longest distance between the part

state and the cause corresponding to the part state.
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14. An article of manufacture comprising:

a computer usable medium having computer readable program code embodied
therein for testing a product configuration in a system for generating
product configurations, the system including at least one rule defining
a relationship between at least two parts, the product configuration
including a plurality of parts, the computer readable program code
inchuding:
computer readable program code configured to cause a computer to

allow a user to enter a test case, wherein the test case selects at
least one part to include in the product configuration; and
computer readable program code configured to cause a computer to
process the at least one rule to determine whether the at least
one part selected in the test case conflicts with the plurality of

parts previously included in the product configuration.

15. The article of manufacture, as set forth in claim 14, further including:

computer readable program code configured to cause a computer to initialize
the system with a part state;

computer readable program code configured to cause a computer to input the
at least one part selection; and

computer readable program code configured to cause a computer to listen to
state change events in the system to detect when a state change event

occurs that results in the system being in the initialized part state.

16. The article of manufacture, as set forth in claim 15, further including:
computer readable program code configured to cause a computer to generate a

cause that explains the part state in terms of the state change event.

17. The article of manufacture, as set forth in claim 16, further including:
computer readable program code configured to cause a computer to generate a

new part state for each part associated with the cause.

18. The article of manufacture, as set forth in claim 17, further including:
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computer readable program code configured to cause a computer to determine
the causes that explain the new part states in terms of the state change

event.

19. The article of manufacture, as set forth in claim 18, further comprising;:
computer readable program code configured to cause a computer to generate a
cause tree wherein the root of the cause tree is the initial part state, and

leaves of the tree are the user’s selections of parts.

20. The article of manufacture, as set forth in claim 19, further comprising:
computer readable program code configured to cause a computer to generate
an explanation of the part state wherein the part selections are the root

of the explanation and the causes follow from the part selections.

21. The article of manufacture, as set forth in claim 20, wherein the

explanation is based on selection of a part.

22. The article of manufacture, as set forth in claim 20, wherein the

explanation is based on execution of a rule.

23. The article of manufacture, as set forth in claim 20, wherein the

explanation is based on a part being in two states at the same time.

24. The article of manufacture, as set forth in claim 20, wherein the

explanation is based on a requires a choice rule that cannot be satisfied.

25. The article of manufacture, as set forth in claim 20, wherein the

explanation is based on a look ahead process.

26. The article of manufacture, as set forth in claim 20, further comprising:

computer readable program code configured to cause a computer to sort the
tree by iteration number, wherein the iteration number of a part state is
determined by measuring the longest distance between the part state

and the cause corresponding to the part state.
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27. An apparatus for testing a product configuration generated by a product
configuration system, comprising:

at least one rule defining a relationship between at least two parts in the
product configuration;

a test case pertaining to at least one part to include in the product
configuration; and

a processor coupled to receive the at least one rule and the test case, wherein
the processor is operable to determine whether the at least one part in
the test case conflicts with the plurality of parts previously included in

the product configuration according to the at least one rule.

28. The apparatus, as set forth in claim 27, wherein the processor is further
operable to:

initialize the configuration system with a part state;

to input the at least one part selection;

to listen to state change events in the system; and

to detect when a state change event occurs that results in the configuration

system being in the initialized part state.

29. The apparatus, as set forth in claim 28, wherein the processor is further
operable to:

generate a cause that explains the part state in terms of the state change event.

30. The apparatus, as set forth in claim 29, wherein the processor is further
operable to:

generate a new part state for each part associated with the cause.

31. The apparatus, as set forth in claim 30, wherein the processor is further
operable to:
generate a cause tree wherein the root of the cause tree is the initial part state,

and leaves of the tree are the user’s selections of parts.
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32. The apparatus, as set forth in claim 30, wherein the processor is further
operable to:
generate an explanation of the part state wherein the part selections are the

root of the explanation and the causes follow from the part selections.

33. The apparatus, as set forth in claim 32, wherein the explanation is based

on execution of a rule.

34. The apparatus, as set forth in claim 32, wherein the explanation is based

on a part being in two states at the same time.

35. The apparatus, as set forth in claim 32, wherein the explanation is based

on a requires a choice rule that cannot be satisfied.

36. The apparatus, as set forth in claim 32, wherein the explanation is based

on a look ahead process.

37. The apparatus, as set forth in claim 30, wherein the processor is further
operable to:
sort the tree by iteration number, wherein the iteration number of a part state is
determined by measuring the longest distance between the part state

and the cause corresponding to the part state.

38. A configuration system comprising:

a modified database, wherein the modified database is based on the results of
testing a product selection using a test case, wherein the test case
includes at least one part selection, and the expected state of the at least

one selected part.

39. The configuration system of claim 38, wherein the test case further

includes the product selection.
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40. The configuration system of claim 38, further comprising:
at least one vector, wherein said vector comprises a bit field, further wherein

the bit field comprises bits that represent elements in a configuration.

41. The configuration system of claim 40, wherein the number of bits in
the bit field is equal to the total number of elements and an element’s bit can be set or

reset to specify the state of the element in the configuration.

42, The configuration system of claim 40, wherein the vector specifies

whether an element has been selected by the user during the configuration.

43, The configuration system of claim 40, wherein excluded vectors

identify whether an element is excluded from a configuration.

44, The configuration system of claim 40, wherein removed vectors

identify whether an element is removed from a configuration.

45. The configuration system of claim 40, wherein the vector identifies

whether an element is selectable.

46. A database comprising;:

at least one table, wherein said table represents relationships between elements
in a configuration; and

at lease one modified rule, wherein the rule is modified based on the results of

testing a product selection.

47. The database of claim 46, wherein said table represents “includes”

relationships between elements in a configuration.

48. The database of claim 46, wherein said table represents “excludes”

relationships between elements in a configuration.
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49. The database of claim 46, wherein said table represents “removes”

relationships between elements in a configuration.

50. The database of claim 46, wherein said table represents “requires

choice” relationships between elements in a configuration.

51.  The database of claim 50, wherein the representation of “requires
choice” relationships includes a pointer to a group table that includes a bit vector that
identifies the elements that are contained in the group from which a choice is to be

made.

52. The database of claim 50, wherein the representation of “requires
choice” relationships includes minimum and maximum designations to identify the
minimum and maximum number of group members that are to be selected to satisfy

the “requires choice” relationship.

53. The database of claim 46, wherein said table includes a left-hand side

and a right-hand side.

54. The database of claim 53, wherein the left-hand side includes a bit

vector that contains bits corresponding to elements.

55. The database of claim 53, wherein the right-hand side includes one or

more bit vectors that represent configuration elements.

56. A test case for testing a product configuration generated by a product
configuration system, comprising:

a product selection;

at least one part selection; and

an expected state of the selected part based on one or more rules.

57. A method for identifying an invalid configuration generated by a product

configuration system, comprising:
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selecting a product;
selecting at least one part; and

generating a part state of the selected part based on one or more rules.

58. The method as set forth in claim 57, further comprising:

generating a cause that explains the part state in terms of a state change event.

59. The method as set forth in claim 57, further comprising:

detecting an error in the part state.

60. The method as set forth in claim 57, further comprising:
detecting when the at least one part is put in more than one state at the same

time.

61. The method as set forth in claim 57, further comprising:

determining whether the product is selectable.

62. The method as set forth in claim 57, further comprising:
detecting when the at least one part is put in more than one state at the same

time.

63. The method as set forth in claim 57, further comprising;:
reporting the state of the product as not selectable when selection of the

product would conflict with the rule.

64. The method as set forth in claim 57, further comprising:

determining sets of parts that are excluded or deleted based on the product.

65. The method as set forth in claim 57, further comprising:
detecting when a state change event occurs that results in the system being in

the initialized part state.
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1 66. The method as set forth in claim 65, further comprising:

2 generating a cause that explains the part state in terms of the state change
event.

1 67. The method, as set forth in claim 66, further comprising:

2 generating a new part state for each part associated with the cause.

1 68. The method, as set forth in claim 67, further comprising:

2 generating a cause tree wherein the root of the cause tree is the initial part

3 state, and leaves of the tree are the user’s selections of parts.

69. The method, as set forth in claim 68, further comprising:

generating an explanation of the part state wherein the part selections are the

root of the explanation and the causes follow from the part selections.

70. An apparatus for testing a product configuration generated by a product
configuration system, comprising:
means for defining a relationship between at least two parts in the product
configuration;
means for defining a test case for at least one part to include in the product
configuration; and
means for determining whether the at least one part in the test case conflicts

with the plurality of parts previously included in the product

configuration according to at least one rule.

71. The apparatus, as set forth in claim 70, further comprising:
means for initializing the configuration system with a part state;
means for detecting a state change event in the system; and

means for detecting when a state change event occurs that results in the

1
2
3
4
5

1 72. The apparatus, as set forth in claim 71, further comprising:

configuration system being in the initialized part state.
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means for generating a cause that explains the part state in terms of the state

change event.

73. The apparatus, as set forth in claim 72, further comprising:

means for generating a new part state for each part associated with the cause.

74. The apparatus, as set forth in claim 73, further comprising:
means for generating a cause tree, wherein the root of the cause tree is the

initial part state, and leaves of the tree are the user’s selections of parts.

75. The apparatus, as set forth in claim 73, further comprising:
means for generating an explanation of the part state, wherein the part
selections are the root of the explanation and the causes follow from

the part selections.

76. The apparatus, as set forth in claim 70, further comprising:
means for modifying the at least one rule when the test case conflicts with the

plurality of parts previously included in the product configuration.
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RULE BASED CONFIGURATION ENGINE FOR A DATABASE
Kevin E. Gilpin
Adam R. Stein
Abstract of the Disclosure
The invention provides the ability to test rules in a rule-based system for
configuring a product. The configuration system defines the components of a product
using elements contained in a parts catalog and rules that define relationships between
the components of a product. The user provides test cases that select at least one part
to include in the product configuration, and the configuration tester processes the rule
to determine whether the at least one part selected in the test case conflicts with the

plurality of parts previously included in the product configuration.
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DECLARATION FOR PATENT APPLICATION
AND POWER OF ATTORNEY

'As a below named inventor, I hereby declare that:
My residence, post office address and citizenship are as stated below adjacent to my name.

I believe I am the original, first and sole inventor (if only one name is listed below) or an original,
first and joint inventor (if plural names are listed below) of subject matter (process, machine,
manufacture, or composition of matter, or an improvement thereof) which is claimed and for which a
patent is sought by way of the application entitled

Rule Based Configuration Engine For A Database

which (check) is attached hereto.
[] and is amended by the Preliminary Amendment attached hereto.
] was filed on as Application Serial No.
[] and was amended on ___ (if applicable).

I hereby state that I have reviewed and understand the contents of the above identified specification,
including the claims, as amended by any amendment referred to above.

I acknowledge the duty to disclose information, which is material to patentability as defined in Title
37, Code of Federal Regulations, § 1.56.

1 hereby claim foreign priority benefits under Title 35, United States Code, § 119(a)-(d) of any foreign
application(s) for patent or inventor's certificate or any PCT international application(s) designating at
least one country other than the United States of America listed below and have also identified below
any foreign application(s) for patent or inventor's certificate or any PCT international application(s)
designating at least one country other than the United States of America filed by me on the same
subject matter having a filing date before that of the application(s) of which priority is claimed:

Prior Foreign Application(s) Priority Claimed
Number Country Day/Month/Year Filed Yes No
N/A Ll L]

I hereby claim the benefit under Title 35, United States Code, § 119(e) of any United States
provisional application(s) listed below:

Provisional Application Number Filing Date

N/A
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I hereby claim the benefit under Title 35, United States Code, § 120 of any United States
application(s) or PCT international application(s) designating the United States of America listed
below and, insofar as the subject matter of each of the claims of this application is not disclosed in the
prior application(s) in the manner provided by the first paragraph of Title 35, United States Code, §
112, 1 acknowledge the duty to disclose information, which is material to patentability as defined in
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“Express Mail” mailing label number:

EL764880543US

RULE BASED CONFIGURATION ENGINE FOR A DATABASE

Kevin E. Gilpin
Adam R. Stein

BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates generally to computerized configuring systems. More
specifically, this invention relates to a system and method for testing the compatibility

of parts included in a configuration.

Description of the Related Art

. Many products are comprised of individual parts or components. Currently,
configuring systems, also referred to as configuration engines, are available that allow
a user to configure a product by interactively selecting components from among
various groups based on availability and compatibility of features and options for the
product. One known system is described in U.S. Patent No. 5,825,651, entitled
“Method and Apparatus For Maintaining and Configuring Systems,” issued October
20, 1998, (hereinafter the ““651 patent”), which is assigned to the same assignee as

the present invention, and is hereby incorporated by reference.

In one embodiment of a configuration system disclosed in the ‘651 patent, a
framework for defining a product line includes a set of related components that are y ol
selected from a parts catalog. A product might consist of several hundred individual
parts that are organized into part groups and are available on one or more of a number
of products. vA product is modeled by describing which parts and part groups are
available in that product and which choices must be made from within the part
groups, and then by writing additional rules that describe part-to-part relationships

which are not modeled by the product structure. A compiler converts the product
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structure and the rules into four rule types: includes (parts that are included by

default), excludes, removes, and requires choice (a choice among a group of parts that
must be made to achieve a valid configuration). Parts may also be classified as

optional which signifies that they can be optionally included in the configuration.

After compilation, there may be several hundred, several thousand, or even
more of these rules. When the system loads the model, all parts and products should
initially be in a “selectable” state, which means that the client or user is allowed to
choose them. When the client selects 2 part, that part is put in the “selected” state.
Parts that are included by the selected parts enter the “included” state, and parts that
are excluded by the selécted parts enter the “excluded” state. Parts that were
previously included but are removed by a “removes” rule are in the “deleted” state.
Each part must always be in exactly one state. Parts that are selected by a user or are
included are referred to as “selected”. Parts that are excluded or deleted are referred

to as “not selectable”.

As product models grow in size and complexity, configuration errors may
occur when a rule or series of rules is not properly defined and produces an undesired
effect, such as the exclusion of a part that should be selectable. Configuration errors
may also occur when a series of improperly defined rules causes a part to be in more
than one state at the same time, such as “included” and “excluded”, or “selected” and

“deleted”.

For large models, such errors may be difficult to find due to the large number
of rules in the model, the unexpected effects of some configuration operations, and
the complex interactions between rules. It is therefore desirable to have an automated
testing tool to locate and analyze configuration errors, so that the rules may be

corrected.
SUMMARY

The invention provides in one embodiment the ability to test rules in a rule-

based system for configuring a product. A configuration system defines the
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components of a product using elements contained in a parts catalog and rules that
define relationships between the components of a product. The user provides test
cases that select at least one part to include in the product configuration, and the
configuration tester processes the rule to determine whether the at least one part
selected in the test case conflicts with the plurality of parts previously included in the

product configuration.

In one embodiment, the invention provides a method of testing a product
configuration in a system for generating product configurations that include a variety
of component parts. The configuration system includes one or more rules that define
a relationship between at least two parts. The method includes entering a test case
that selects at least one part to include in the product configuration. The system then
processes the rule to determine whether part selected in the test case conflicts with
parts that are already included in the product configuration, that is, whether the rule

conflicts with other rules.

To test new rules, one embodiment of the invention initializes the
configuration system with a part state and inputs at least one part selection as
specified in the test case. A component referred to as a “listener” detects state change
events that result in the system being in the initialized part state. Another component
of the invention generates a cause that explains the part state in terms of the state
change event, and generates a new part state for each part associated with the cause.
The invention then determines the cause or causes that explain the new part states in

terms of the state change event.

One feature of an embodiment of the invention generates a cause tree wherein
the root of the cause tree is the initial part state, and “leaves” of the tree are the user’s

selections of parts.

Another component of an embodiment of the invention is an “explainer”
which generates an explanation of the part state wherein the part selections are the
root of the explanation and the causes follow from the part selections. The

explanation(s) are based on selection of a part, execution of a rule, a part being in two
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states at the same time, a requires choice rule that cannot be satisfied, or on a look
ahead process. To provide an explanation of how the system arrived at a particular
part state, the invention sorts the tree by iteration number, wherein the iteration

number of a part state is determined by measuring the longest distance between the

part state and the cause corresponding to the part state.

In another embodiment, the invention is distributed as an article of
manufacture, namely a computer usable medium having computer readable program
code embodied therein for testing a product configuration in a system for generating
product configurations. The system includes at least one rule defining a relationship

between at least two parts, and the product configuration includes a plurality of parts.

The computer readable program code is configured to cause a computer to
allow a user to enter a test case, wherein the test case selects at least one part to
include in the product configuration. The program code then causes a computer to
process the at least one rule to determine whether the at least one part selected in the
test case conflicts with the plurality of parts previously included in the product
configuration. This is accomplished by the computer readable program code causing
a computer to initialize the system with a part state, to input the part selection to the
system; and to listen to state change events in the system to detect when a state

change event occurs that results in the system being in the initialized part state.

The program code then causes a computer system to determine the cause or

causes that explain the new part states in terms of the state change event.

One feature of the program code causes a computer to generate a cause tree
wherein the root of the cause tree is the initial part state, and “leaves” of the tree are

the user’s selections of parts.

Another component of the program code causes a computer to execute a
component referred to as an “explainer” which generates an explanation of the part
state wherein the part selections are the root of the explanation and the causes follow

from the part selections. The explanation(s) are based on selection of a part,
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execution of a rule, a part being in two states at the same time, a requires choice rule
that cannot be satisfied, or on a look ahead process. To provide an explanation of
how the system arrived at a particular part state, the invention sorts the tree by
iteration number, wherein the iteration number of a part state is determined by

measuring the longest distance between the part state and the cause corresponding to

the part state.

The foregoing has outlined rather broadly the objects, features, and technical
advantages of the present invention so that the detailed description of the invention

that follows may be better understood.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram of a computer system with which the present

invention may be utilized.

Figure 2 is a block diagram of an embodiment of a maintenance and

configuration system with which the present invention may be utilized.

Figure 3 is a block diagram of a maintenance and configuration tester system

according to an embodiment of the present invention.

Figure 3a is a block diagram of configuration tester modules included in an

embodiment of the present invention.
Figure 3b is a diagram of an example of a cause/effect tree.

Figure 3¢ is a diagram of an example of a lookahead subtree embedded within

a cause/effect tree.

Figure 3d is a diagram of an example of a lookahead subtree collapsed to a

single node in the cause/effect tree.
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The present invention may be better understood, and its numerous objects,
features, and advantages made apparent to those skilled in the art by referencing the
accompanying drawings. The use of the same reference symbols in different drawings

indicates similar or identical items.

DETAILED DESCRIPTION

A method and apparatus for testing a system for maintaining and configuring
products is described. The present invention can be implemented on a general
purpose computer system 130 such as illustrated in Fig. 1. Computer system 130 may
be one of many workstations or servers connected to a network such as a local area
network (LAN), a wide area network (WAN), or a global information network such as

the Internet through network interface 140.

CPU 132 can be constructed from one or more microprocessors and/or
integrated circuits. Main memory 136 stores programs and data that CPU 132 may
access. When computer system 130 starts up, an operating system program is loaded
into main memory 136.” The operating system manages the resources of computer
system 130, such as CPU 132, audio controller 142, storage device controller 138,
network interface 140, I/O controllers 146, and host bus 134. The operating system
reads one or more configuration files to determine the hardware and software

resources connected to computer system 130.

During operation, main memory 136 includes the operating system,
configuration file, and one or more application programs with related program data.
Application programs can run with program data as input, and output their results as
program data in main memory 136 or to one or more mass storage devices through a
memory controller (not shown) and storage device controller 138. CPU 132 executes
one or more application programs, including one or more programs to establish a
connection to a computer network through network interface 140. The application
programs may be embodied in one executable module or may be a collection of
routines that are executed as required. Operating systems commonly generate

“windows”, as well known in the art, to present information about or from an
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application program, and/or to allow a user to interact with an application program.
Each application program typically has its own window that is generated when the
application program is executing. Each window may be minimized to an icon,
maximized to fill the display, overlaid in front of other windows, and underlaid

behind other windows.

Storage device controller 138 allows computer system 130 to retrieve and
store data from mass storage devices such as magnetic disks (hard disks, diskettes),
and optical disks (DVD and CD-ROM). The information from the DASD can be in
many forms including application programs and program data. Data retrieved through
storage device controller 138 is usually placed in main memory 136 where CPU 132

can process it.

One skilled in the art will recognize that the foregoing components and
devices are used as examples for sake of conceptual clarity and that various
configuration modifications are common. For example, audio controller 142 is
connected to PCI bus 156 in Fig. 1a, but may be connected to the ISA bus 138 or
reside on the motherboard (not shown) in alternative embodiments. As further
example, although computer system 130 is shown to contain only a single main CPU
132 and a single system bus 134, those skilled in the art will appreciate that the
present invention may be practiced using a computer system that has multiple CPUs
132 and/or multiple busses 134. In addition, the interfaces that are used in the
preferred embodiment may include separate, fully programmed microprocessors that
are used to off-load computationally intensive processing from CPU 132, or may
include input/output (I/O) adapters to perform similar functions. Further, PCI bus 156
is used as an exemplar ol any input-output devices attached to any 1/O bus; AGP bus
159 is used as an exemplar of any graphics bus; graphics device 154 is used as an
exemplar of any graphics controller; and host-to-PCI bridge 160 and PCI-to-ISA
bridge 162 are used as exemplars of any type of bridge. Consequently, as used herein
the specific exemplars set forth in Fig. 1 are intended to be representative of their
more general classes. In general, use of any specific exemplar herein is also intended
to be representative of its class and the non-inclusion of such specific devices in the

foregoing list should not be taken as indicating that limitation is desired.
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The invention detects and analyzes configuration errors in a system for
configuring products such as described in the ‘651 patent. A brief description of the
‘651 patent is provided in the following paragraphs as background for understanding

the present invention.

Brief Description Of The ‘651 Patent

Referring to Fig. 2, one embodiment of configuration engine 200 disclosed in
the ‘651 patent is shown. Configuration engine 200 is rule-based, and includes
maintenance environment 202 and configuration environment 204. Maintenance
environment 202 includes zero or more individual parts, or components, in parts
catalog 206. Part relationships 208 defines relationships between a first set of parts
and a second set of parts so that when all of the members of the first set of parts are
selected, the relationship between the two sets is enforced on the parts in the second

set. A set of parts can include multiple parts. The incorporation of parts in a set can

“be arbitrary. That is, a multi-part set can contain parts that are otherwise unrelated.

For example, for the purpose of configuring an automobile, a set can contain parts
such as an engine, sun roof, and a color. These parts seem to be unrelated, but they
can be combined into a part relationship 208 for purposes of forming a relationship

using an embodiment of configuration engine 200.

In one embodiment, there are four kinds of part relationships 208 between
parts: requires choice, includes, excluded, and removes. An included part is included
automatically. A part is excluded from the configuration when its inclusion would
result in an invalid configuration. A part may be removed when another part is added.
Thus, when a first part exists in the configuration and a second part is added, the first
part is removed from the configuration if there is a conflict. The requires choice
relationship is used to allow a set of choices to be made from a group of parts. The
number of parts chosen is limited to a valid bounds specification. The relations that
are created between parts within a product are enforced only on that particular
product. However, if some part relationships 208 are to be enforced on all products
within a product line, then the relations are generated once and enforced for all

products.
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One or more product definitions 210 are generated by 2 population of
component parts. Using configuration engine 200, a user can configure a product
given product definitions 210 and part relationships 208 associated with product
definitions 210. Configuration environment 204 accepts a configuration user’s input
and processes it in product speciﬁcation/veriﬁcation 212 to verify the product
configuration, and to update the specification based on the user’s input, 0t to notify

the user that the input is invalid based on product definitions 210 and user selections.

A graphical user interface (GUI) is used to allow the user to interactively
generate product definitions 210. GUIL operations such as drag, drop, and selection

operations can be used to specify product definitions 210.

Relationships associated with items contained in product definitions 210 are
evaluated when user input is received. Configuration engine 200 determines which
relationships are active and inactive given the user input. A relationship is active
when all the items in 2 product’s product definition 210 are selected. A relationship 18

inactive until all of the parts in a product’s product definition 210 are selected.

Configuration engine 200 is used to configure a product using a definition
created by the maintenance environment 202. Configuration environment 204
ensures that the current configuration state is always valid. The user can select and
unselect parts in any order. When user input is received, product
speciﬁcation/veriﬁcation 212 validates the input based on the current state of the
configuration. In addition, the product speciﬁcation/veriﬁcation 212 identifies
selections that could cause a valid configuration to become invalid. Product
speciﬁcation/veriﬁcation 212 removes these selections from the set of possible

selections so that the user does not make an invalid selection.

Configuration engine 204 evaluates the current state of a configuration based
on product definitions 210, part relationships 208, and state information. After receipt
of input from a user, product speciﬁcation/veriﬁcation 212 evaluates relationships in
both the forward and backward direction. Forward and backward evaluations can

result in the addition or deletion of elements from the product configuration.
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During configuration, information is stored in tables and vectors.
Configuration engine 200 represents elements in a configuration (e.g., product, part,
and group) as bits in a bit vector. Thus, for example, a vector includes a number of
bits is equal to the total number of elements. An element’s bit can be set or reset to

5  specify the state of the element in the current configuration. For example, a user
vector can be used that specifies for each element whether the element has been
selected by the user during the configuration. In addition, excluded and removed
vectors identify whether an element is excluded or removed (respectively) from a
configuration. Vectors can be used to identify whether an element 1) has been

10  selected (by the user or the configuration system), 2) is selectable, and 3) not

selectable.

Tables contain element relationships. A table is used to represent the includes,
excludes, removes, and requires choice relationships, for example. Each table has a
left-hand side and a right-hand side that corresponds to the left-hand and right-hand

15  sides of a relationship. In each case, the left-hand side is a bit vector that contains bits

corresponding to elements. The includes, excludes and removes tables contain a bit
vector in the right-hand side that represents configuration elements. The right-hand
side of the requires choice table is a pointer that points to an entry in a group table.

The group table entry is a bit vector that identifies the elements that are contained in

20  the group from which a choice is to be made. The right-hand side of a requires choice
table entry further includes minimum and maximum designations. Minimum and
maximum values identify the minimum and maximum number of group members that

are to be selected to satisfy a requires group relationship.

The bit vector implementation of relationships and internal runtime state
25  allows for fast and efficient computation of relationship-based configuration. A

comparison of bits can be performed in one machine instruction in most cases.

There are many ways that errors can be introduced into a configuration,

however, the effects of these errors can be categorized in 2 groups:

10
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1) A part is put in a state which was not intended by the user (state error),

or
2) A part is put in more than one state at the same time (exception error).

Errors may be caused by a single rule, or by a chain of rules. Complex errors
are often caused by a “look ahead” process included in product
specification/verification 212 that test-selects each product (if more than one product
is selectable) to make sure that it is in fact selectable. The look-ahead process helps
insure that the state of a product is not reported as selectable when selection of that
product would lead to a rule conflict. The look-ahead process also determines the sets

of parts that are excluded or deleted by every selectable product.

Further errors may arise with requires choice rules, which typically require
that between some minimum (min) and maximum (max) number of choices must be
made from a set of parts. For example, there is always an implicit requires choice rule
that specifies that at least exactly one (min/max = 1/1) part must be selected for a
product. Requires choice rules are complex to evaluate because they may cause many
kinds of inferences. In general, there is no way to determine whether a selectable part
is actually selectable without selecting it and checking to see whether it causes a
conflict. In order to ensure that each selectable part is not going to cause such a
conflict, configuration engine 200 would have to select a selectable part after each
user selection, which is too computationally expensive.- The following examples of

each type of error illustrate the problem.
State Errors

The simplest types of state errors are caused when a rule has been accidentally
omitted or written. For example, the user may select PartA and PartB, and then note
that ‘PartC’ is excluded rather than selectable. In the simplest case, this may be due

to the following rule in the model:

PartA Excludes PartC

11
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Or, there may be a rule:
PartA Requires Choice (min/max = 1/ 1) { PartB, PartC }

Here, selecting PartA implies that either PartB or PartC must be selected. Selecting
PartB causes configuration engine 200 to infer that PartC must be Excluded.

5  Alternatively, multiple rules may cause a state change, for example:

PartA Includes PartX
PartX Excludes PartC

Here, selecting PartA causes PartX to be included, which then causes PartC to be

excluded.

10 State errors can also be caused by the look-ahead process. Suppose the

following rules are written:

ProductA Excludes PartA
ProductB Includes PartB
ProductB, PartB Excludes PartA
15 ProductC RequiresChoice (min/max 1/1) PartA, PartC
ProductC Includes PartC

Even if the user has not made any selections, PartA will be excluded by the look
ahead process for each of products A, B, and C. Detecting state changes that are
caused by the look-ahead process is particularly difficult because for each product

20  there may be a different rule chain or exception error that causes the state error.

Exception Errors

Sometimes, rules may be inadvertently written that cause a conflicting state

exception. The simplest case can be summed up by the rules:

PartA includes PartB

12
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.‘ .

PartB excludes PartA

If PartA is selected, then PartB will be Included. But then the second rule causes
PartA to be excluded. This conflicting state cannot be reconciled, and an exception is

raised.

Most exception conditions are more complex than this one. For example,
selecting a part that is in a requires choice rule may cause the requires choice rule to

be unsatisfiable as follows:

PartA requires choice (min/max=1/1) { PartB, Part C }
PartB includes PartC

In the preceding rules, if PartA is selected, selecting PartB will cause an exception

error because the requires choice rule will not be satisfiable.

Configuration Testing

Fig. 3 shows an embodiment of the present invention for configuration tester
system 300 that includes several components for detecting and analyzing
configuration errors. One component is configuration tester graphical user interface
(CTGUI) 302 that enables users to enter new rules 304 and define test cases 306 that
describe the expected behavior of their models to test the configuration. New rules
304 are input to parts relationships 308 and product definitions 310 in configuration
engine 312. Test cases 306 describe one or more sets of selections that should be
made, and sets of parts and their expected states based on new rules 304, as well as
rules previously included in parts relationships 308 and product definitions 310. For
example, test cases 306 may describe the selection of a product and several parts. It
may then ensure that some other set of parts is excluded, and a third set is included.

An example of a test case in test cases 306 is:

Select ProductA
Select PartA
Ensure that ( PartB, PartC ) are excluded

13
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Ensure that ( PartD ) is included

Once test cases 306 are written, configuration tester modules 314 run each test
case 306 and verify that the tested parts are in the right state. If a test fails,
configuration tester modules 314 determine why a part is in a certain state and explain
the state as described below. The database of pre-existing rules can then be modified

to correct errors found by configuration tester modules 314.

Configuration tester modules 314 include driver and listener module 316,
debug engine 318, and explainer 320. Fig. 3a shows interrelationships of
configuration tester modules 314 including types of data communicated between
driver and listener 316, debug engine 318, and explainer 320, during operation.
Driver and listener 316 selects parts from test cases 306 and sends the part selections

to debug engine 318.

Debug engine 318 processes new rules 304 using the part selections, and sends
state change events to driver and listener 316 as state changes result from the rules
executing, exceptions occurring, and execution of the look ahead process. In the ‘651
patent, configuration engine 200 (Fig. 2) is optimized for very high performance. In
one embodiment, configuration tester system 300 includes components of
configuration engine 200 such as parts catalog 206, parts relationships 208, product
definitions 210, and product specification/verification 210. Configuration tester
system 300 can run in test mode or normal mode so that no performance penalties are
imposed when operating configuration tester system 300 in normal mode. This is
accomplished by executing all features and components of configuration tester system

300 from debug engine 318, which is only used in test mode.

The application program interface (API) to debug engine 318 includes
program instructions to include new rules 304 with existing rules in parts relationships
208 and product deﬁnitions 210, and to run test cases 306 through product
specification/verification 210. Debug engine 318 presents the same API as the
normal mode of configuration engine 200 for selecting parts. CTGUI 302 is used to

specify which test cases to run. Whenever a condition occurs that causes a part state

14
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change, debug engine 318 detects this condition and transmits an appropriate notice to

driver and listener 316 for the listener portion to handle and interpret the events.

Driver and listener 316 listens to the state change events and constructs a tree
of the rule chains that are executing in debug engine 318 and resulting states. When a
state error occurs, driver and listener 316 executes a driver to recreate the error
condition for the part for which the state error occurred, along with all the part
selections that caused the error to occur. The combination of the part and its state is

represented by a part state.

In one embodiment, the part-state includes an identifier for the part, the state
of the part, the selections which have been made (which are always a subset of the
total user selections), and, optionally, the product for which lookahead is currently

being run. For example, a part-state may represent:

Part A is included after selecting Part X and Part Y,
or
Part B is excluded with no selections during lookahead on Product X.

Each part-state also has a Cause, which is initially null. Configuration tester
system 300 determines the Cause of the part state (a rule firing, an exception, a user

selection, etc) and sets the Cause of the part-state.

Driver and listener 316 interfaces with debug engine 318. The driver portion
of driver and listener 316 starts submitting the part selections that led to the error until
a state change event occurs that recreates the error condition. The listener portion of
driver and listener 316 is responsible for handling the state change events. It may

happen as a result of any of the following:

1) A user selection

2) A rule executing

3) A rule conflict (exception error)

4) Operation of the look ahead process

15
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In each case, the driver generates a cause, which represents the event and the
state change that resulted from it. Then, based on this new information, further

analysis to explain the part state may be required to explain the error in accordance

with the following summary:

Cause Explanation Next steps
Complete?

User Selection Yes

Rule Executing No Determine why the rule executed|

Conflicting State Exception No Explain each of the conflicting

(part is in 2 states at the same states

time)

Unsatisfiable requires choice No Determine why the requires

exception choice rule executed, and
explain the state of the parts that
caused it to be unsatisfiable

Look ahead process No Explain the state of the part in
each selectable product

5 Driver and listener 316, and debug engine 318, are recursive. The driver

portion of driver and listener 316 is initialized with a single part state, along with a set

of user selections. The user selections are specified in the test case. The driver inputs

each user selection one by one, until the listener gets a state change event that
explains the part state. Then the listener generates a cause that explains the part state

10  interms of the event. The listener also generates a new part state for each part
associated with the cause. Then driver and listener 316 start over to find the causes
that explain the new part states. Eventually, all part states can be explained in terms
of a user selection. The explanation of the original part state is thus represented by a
tree of causes and part states. The original part state is the root of the tree. The

15 second level of the tree, i.e., the leaves, consist of the causes that caused the root part

state. The next level is the part states that caused the causes, and so on.

For example, in one embodiment, suppose the task is: Explain why A is

Included if X and Y are UserSelected. The tree might look like this:
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PartState Cause

Part: A L »| Type: Rule

State : Included Rule : X, Y Includes A
PartState Cause
Part : X 5| Type:
State : UserSelected UserSelection
PartState Cause
Part:Y || Type:
State : UserSelected UserSelection

Each PartState points to its Cause. If the Cause is a RuleCause, the Cause points to
the parts that caused the rules to fire and their state is in turn explained with Cause

objects.

Explainer 320 converts the tree into a format that readily allows the user to
visualize the rules that are causing an erroneous result in the configured product. The
root of the tree is the initial goal part state, and the leaves of the tree are the user’s
selections of parts. It is more intuitive to the user, however, to see the part selections
as the root of the explanation, and then the chain of causes that follow from these
selections. Accordingly, explainer 320 accepts the tree as input, and generates a
description of the sequence of events by modeling the logical operation of
configuration engine 312, not the literal sequence of actions. This is because
converting the tree requires more than post-order traversal, which only provides a
trace of the state of configuration engine 312. Logically, configuration engine 312
operates in a series of cause-and-effects iterations. In each iteration, configuration
engine 312 first determines which rules should execute, and then applies the results of

those rules to the current state of the configuration. The process then repeats until the
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internal state of the configuration is no longer changing with each iteration. At this

point, equilibrium is reached, and configuration engine 312 is ready to once again

receive another selection of a part as input.

Explainer 320 determines the stem for each cause in a given iteration from
part states in previous iterations, and determines the cause for each part state in the
same iteration. This provides a mechanism for grouping and sorting the tree by
iteration. In the simple case, the iteration number of a given part state is determined
by measuring the longest distance between a part state and a leaf cause. For any
given node in the cause/effect tree, the distances between that node and all the leaves
of the tree that connect to that node can be counted. The maximum of this set of
values is the maximum depth of the node, which is also the iteration number for that
cause/effect. Fig. 3b shows an example of a cause/effect tree where the maximum |

depth of cause/effect 4 is two (2) (level 3 minus level 1).

Consider, for example, the following set of rules:
1) A includes X

2) B excludes Y

3) A,C,X require Y,Z

And the following sequence of events:

1) User picks A

2) Rule 1 brings in part X
3) User picks B

4) Rule 2 excludes Y

5) User picks C

6) Rule 3 includes Z

There are several things to notice in this example. First, the order of user
selections is irrelevant with regard to the logical operation of configuration engine
312 is concerned. Also, the order of execution of rules 1 and 2 is irrelevant. These

details are abstracted away when the sequence of events is broken into logical rounds:
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Round 1: User selects A, B, C

Round 2: Rule 1 includes X
Rule 2 excludes Y

Round 3: Rule 3 includes Z

The latter description eases understanding the logical flow of configuration
engine 312, and better highlights the dependencies between user actions and rules.
This is especially true in situations involving more complex series of rules. For the
preceding example, the latter representation makes it immediately clear that the
activations of rules 1 and 2 are not causally linked events, whereas the first
representation leaves open the possibility that rule 2 executes as a consequence of rule

1.

Complications Caused By Look Ahead

In the look ahead process, configuration engine 312 makes a series of
selections to determine what would happen if the user chose particular parts. Many
rules can execute within a particular look ahead scenario, but eventually all of these
rule executions are retracted, and the results of the look ahead process are applied to
the current product being configured. Therefore, an entire look ahead event happens
within an individual round of configuration engine 312 activity, even though the look
ahead event itself may contain many rounds of executing rules. The recursive aspect
of the causes and part states tree is taken into account to invert the causes and part
states tree with explainer 320. Essentially, explainer 320 regards look ahead events as
branches within the main tree, and collapses them down to single nodes when
calculating the proper round in which to place a given cause or part state. An
example of what happens during look ahead is: given two products, P1 and P2, and
the rules ‘P1 excludes A’, ‘P2 excludes A’, Lookahead internally selects each
selectable product in turn, and determines whether there are any parts which are
excluded by all products. In this example, A would be excluded by lookahead. To
the explainer, this can be summarized as ‘A is excluded by Lookahead’, but within

each product, the rules provide a further cause.
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Figs. 3¢ and 3d show how lookahead nodes are collapsed to a single node of
the main cause/effect tree. Specifically, Fig. 3c shows lookahead nodes 4.1 though
4.5 expanded within the main cause/effect tree 322, while Fig. 3d shows lookahead.

subtree 324 collapsed into lookahead cause/effect 4 in main cause/effect tree 326.

In one embodiment, Explainer 320 is designed in an object-oriented fashion
that allows key elements of the process to be overridden to provide specialized
behavior. For example, éome configuration models are generated automatically from
known product data descriptions or other sources. Explainer 320 can be overridden to
trace explanations all the way back to these original rule sources. Explainer 320 can
also be overridden to integrate data from historical logs or databases, as well as data

input by the user.

The present invention has been described in the context of a fully functional
computer system, however those skilled in the art will appreciate that the present
invention is capable of being distributed as a program product in a variety of forms,
and that the present invention applies equally regardless of the particular type of
signal bearing media used to actually carry out the distribution. Examples of signal
bearing media include: recordable type media such as floppy disks and CD-ROM,
transmission type media such as digital and analog communications links, as well as

media storage and distribution systems developed in the future.

Additionally, the foregoing detailed description has set forth various
embodiments of the present invention via the use of block diagrams, flowcharts, and
examples. It will be understood by those within the art that each block diagram
component, flowchart step, and operations and/or components illustrated by the use of
examples can be implemented, individually and/or collectively, by a wide range of
hardware, software, firmware, or any combination thereof. In one embodiment, the
present invention may be implemented via Application Specific Integrated Circuits
(ASICs). However, those skilled in the art will recognize that the embodiments
disclosed herein, in whole or in part, can be equivalently implemented in standard
integrated circuits, as a computer program running on a computer, as firmware, or as

virtually any combination thereof and that designing the circuitry and/or writing the
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code for the software or firmware would be well within the skill of one of ordinary

skill in the art in light of this disclosure.

While the invention has been described with respect to the embodiments and
variations set forth above, these embodiments and variations are illustrative and the
invention is not to be considered limited in scope to these embodiments and
variations. Accordingly, various other embodiments and modifications and
improvements not described herein may be within the spirit and scope of the present

invention, as defined by the following claims.

21

77



wn A W N - ~N O AW — O 00 N N L b W N -

SN

Attormey Docket No.: M-7822 US

¢ ®

WHAT IS CLAIMED IS:

1. A method of testing a product configuration in a system for generating
product configurations, the system including at least one rule defining a relationship
between at least two parts, the product configuration including a plurality of parts, the
method comprising: .

entering a test case, wherein the test case selects at least one part to include in

the product configuration; and

processing the at least one rule to determine whether the at least one part

selected in the test case conflicts with the plurality of parts previously

included in the product configuration.

2. The method, as set forth in claim 1, wherein processing the a-t least one rule
to determine whether the at least one part selected in the test case conflicts with the
plurality of parts previously included in the product configuration, further includes:

initializing the system with a part state;

inputting the at least one part selection; and

listening to state change events in the system to detect when a state change

event occurs that results in the system being in the initialized part state.

3. The method, as set forth in claim 2, wherein processing the at least one rule
to determine whether the at least one part selected in the test case conflicts with the
plurality of parts previously included in the product configuration, further includes:

generating a cause that explains the part state in terms of the state change

event.

4. The method, as set forth in claim 3, wherein processing the at least one rule
to determine whether the at least one part selected in the test case conflicts with the
plurality of parts previously included in the product configuration, further includes:

generating a new part state for each part associated with the cause.
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5. The method, as set forth in claim 4, wherein processing the at least one rule
to determine whether the at least one part selected in the test case conflicts with the
plurality of parts previously included in the product configuration, further includes:

determining the causes that explain the new part states in terms of the state

change event.

6. The method, as set forth in claim 5, further comprising:
generating a cause tree wherein the root of the cause tree is the initial part

state, and leaves of the tree are the user’s selections of parts.

7. The method, as set forth in claim 6, further comprising:
generating an explanation of the part state wherein the part selections are the

root of the explanation and the causes follow from the part selections.

8. The method, as set forth in claim 7, wherein the explanation is based on

selection of a part.

9. The method, as set forth in claim 7, wherein the explanation is based on

execution of a rule.

10. The method, as set forth in claim 7, wherein the explanation is based on a

part being in two states at the same time.

11. The method, as set forth in claim 7, wherein the explanation is based on a

requires choice rule that cannot be satisfied.

12. The method, as set forth in claim 7, wherein the explanation is based on a

look ahead process.

13. The method, as set forth in claim 7, further comprising:
sorting the tree by iteration number, wherein the iteration number of a part
state is determined by measuring the longest distance between the part

state and the cause corresponding to the part state.
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14. An article of manufacture comprising:

a computer usable medium having computer readable program code embodied
therein for testing a product configuration in a system for generating
product configurations, the system including at least one rule defining
a relationship between at least two parts, the product configuration
including a plurality of parts, the computer readable program code

including:

00 N O W A~ W DN -

computer readable program code configured to cause a computer to
9 allow a user to enter a test case, wherein the test case selects at
10 least one part to include in the product configuration; and
11 computer readable program code configured to cause a computer to
12 process the at least one rule to determine whether the at least
; 13 one part selected in the test case conflicts with the plurality of

14 . ' parts previously included in the product configuration.

15. The article of manufacture, as set forth in claim 14, further including;:

computer readable program code configured to cause a computer to initialize
the system with a part state;

computer readable program code configured to cause a computer to input the

at least one part selection; and

computer readable program code configured to cause a computer to listen to

state change events in the system to detect when a state change event

[ TR =LY T S VT o

occurs that results in the system being in the initialized part state.

16. The article of manufacture, as set forth in claim 15, further including:
2 computer readable program code configured to cause a computer to generate a

3 cause that explains the part state in terms of the state change event.

1 17. The article of manufacture, as set forth in claim 16, further including;:
2 computer readable program code configured to cause a computer to generate a

new part state for each part associated with the cause.
1 18. The article of manufacture, as set forth in claim 17, further including:

24

80



Attorney Docket No.: M-7822 LIS
2 computer readable program code configured to cause a computer to determine

the causes that explain the new part states in terms of the state change

4 event.

1 19. The article of manufacture, as set forth in claim 18, further comprising:

2 computer readable program code configured to cause a computer to generate a
3 cause tree wherein the root of the cause tree is the initial part state, and
4 leaves of the tree are the user’s selections of parts.

1 20. The article of manufacture, as set forth in claim 19, further comprising:

2 computer readable program code configured to cause a computer to generate

3 an explanation of the part state wherein the part selections are the root
4 of the explanation and the causes follow from the part selections.

[—

21. The article of manufacture, as set forth in claim 20, wherein the

2  explanation is based on selection of a part.

1 22. The article of manufacture, as set forth in claim 20, wherein the

2  explanation is based on execution of a rule.

1 23. The article of manufacture, as set forth in claim 20, wherein the

2  explanation is based on a part being in two states at the same time.

1 24. The article of manufacture, as set forth in claim 20, wherein the

2 explanation is based on a requires a choice rule that cannot be satisfied.

1 25. The article of manufacture, as set forth in claim 20, wherein the

2  explanation is based on a look ahead process.

1 26. The article of manufacture, as set forth in claim 20, further comprising:
computer readable program code configured to cause a computer to sort the
tree by iteration number, wherein the iteration number of a part state is

determined by measuring the longest distance between the part state

w AW N

and the cause corresponding to the part state.
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27. An apparatus for testing a product configuration generated by a product
configuration system, comprising:

at least one rule defining a relationship between at least two parts in the
product configuration;

a test case pertaining to at least one part to include in the product
configuration; and

a processor coupled to receive the at least one rule and the test case, wherein
the processor is operable to determine whether the at least one part in
the test case conflicts with the plurality of parts previously included in

the product configuration according to the at least one rule.

28. The apparatus, as set forth in claim 27, wherein the processor is further
operable to:

initialize the configuration system with a part state;

to input the at least one part selection;

to listen to state change events in the system; and

to detect when a state change event occurs that results in the configuration

system being in the initialized part state.

29. The apparatus, as set forth in claim 28, wherein the processor is further
operable to:

generate a cause that explains the part state in terms of the state change event.

30. The apparatus, as set forth in claim 29, wherein the processor is further
operable to:

generate a new part state for each part associated with the cause.

31. The apparatus, as set forth in claim 30, wherein the processor is further
operable to:
generate a cause tree wherein the root of the cause tree is the initial part state,

and leaves of the tree are the user’s selections of parts.
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32. The apparatus, as set forth in claim 30, wherein the processor is further
operable to:
generate an explanation of the part state wherein the part selections are the

root of the explanation and the causes follow from the part selections.

33. The apparatus, as set forth in claim 32, wherein the explanation is based

on execution of a rule.

34. The apparatus, as set forth in claim 32, wherein the explanation is based

on a part being in two states at the same time.

35. The apparatus, as set forth in claim 32, wherein the éxp]anation is based

on a requires a choice rule that cannot be satisfied.

36. The apparatus, as set forth in claim 32, wherein the explanation is based

on a look ahead process.

37. The apparatus, as set forth in claim 30, wherein the processor is further
operable to:
sort the tree by iteration number, wherein the iteration number of a part state is
determined by measuring the longest distance between the part state

and the cause corresponding to the part state.

38. A configuration system comprising:

a modified database, wherein the modified database is based on the results of
testing a product selection using a test case, wherein the test case
includes at least one part selection, and the expected state of the at least

one selected part.

39. The configuration system of claim 38, wherein the test case further

includes the product selection.
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40. The configuration system of claim 38, further comprising:
at least one vector, wherein said vector comprises a bit field, further wherein

the bit field comprises bits that represent elements in a configuration.

41. The configuration system of claim 40, wherein the number of bits in
the bit field is equal to the total number of elements and an element’s bit can be set or

reset to specify the state of the element in the configuration.

42. The configuration system of claim 40, wherein the vector specifies

whether an element has been selected by the user during the configuration.

43. The configuration system of claim 40, wherein excluded vectors

identify whether an element is excluded from a configuration.

44, The configuration system of claim 40, wherein removed vectors

identify whether an element is removed from a configuration.

45. The configuration system of claim 40, wherein the vector identifies

whether an element is selectable.

46. A database comprising:

at least one table, wherein said table represents relationships between elements
in a configuration; and

at lease one modified rule, wherein the rule is modified based on the results of

testing a product selection.

47. The database of claim 46, wherein said table represents “includes”

relationships between elements in a configuration.

48. The database of claim 46, wherein said table represents “excludes”

relationships between elements in a configuration.

28

84



H WO -

AWM

[am—y

wm A W -

N

Attorncy Docket No.: M-7822 US

® ®

49. The database of claim 46, wherein said table represents “removes”

relationships between elements in a configuration.

50. The database of claim 46, wherein said table represents “requires

choice” relationships between elements in a configuration.

51. The database of claim 50, wherein the representation of “requires
choice” relationships includes a pointer to a group table that includes a bit vector that
identifies the elements that are contained in the group from which a choice is to be

made.

52. The database of claim 50, wherein the representation of “requires
choice” relationships includes minimum and maximum designations to identify the
minimum and maximum number of group members that are to be selected to satisfy

the “requires choice” relationship.

53. The database of claim 46, wherein said table includes a left-hand side

and a right-hand side.

54. The database of claim 53, wherein the left-hand side includes a bit

vector that contains bits corresponding to elements.

55. The database of claim 53, wherein the right-hand side includes one or

more bit vectors that represent configuration elements.

56. A test case for testing a product configuration generated by a product
configuration system, comprising:

a product selection;

at least one part selection; and

an expected state of the selected part based on one or more rules.

57. A method for identifying an invalid configuration generated by a product

configuration system, comprising:
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selecting a product;
selecting at least one part; and

generating a part state of the selected part based on one or more rules.

58. The method as set forth in claim 57, further comprising:

generating a cause that explains the part state in terms of a state change event.

59. The method as set forth in claim 57, further comprising:

detecting an error in the part state.

60. The method as set forth in claim 57, further comprising;:
detecting when the at least one part is put in more than one state at the same

time.

61. The method as set forth in claim 57, further comprising:

determining whether the product is selectable.

62. The method as set forth in claim 57, further comprising:
detecting when the at least one part is put in more than one state at the same

time.

63. The method as set forth in claim 57, further comprising:
reporting the state of the product as not selectable when selection of the

product would conflict with the rule.

64. The method as set forth in claim 57, further comprising:

determining sets of parts that are excluded or deleted based on the product.

65. The method as set forth in claim 57, further comprising:
detecting when a state change event occurs that results in the system being in

the initialized part state.
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1 66. The method as set forth in claim 65, further comprising:

2 generating a cause that explains the part state in terms of the state change
3 event.

1 67. The method, as set forth in claim 66, further comprising:

2 generating a new part state for each part associated with the cause.

1 68. The method, as set forth in claim 67, further comprising:

2 generating a cause tree wherein the root of the cause tree is the initial part

state, and leaves of the tree are the user’s selections of parts.

1 69. The method, as set forth in claim 68, further comprising:
2 generating an explanation of the part state wherein the part selections are the
3 root of the explanation and the causes follow from the part selections.

70. An apparatus for testing a product configuration generated by a product
configuration system, comprising:
means for defining a relationship between at least two parts in the product
configuration;

means for defining a test case for at least one part to include in the product

configuration; and
means for determining whether the at least one part in the test case conflicts

with the plurality of parts previously included in the product

O 00 NN O U A W N~

configuration according to at least one rule.

71. The apparatus, as set forth in claim 70, further comprising:
means for initializing the configuration system with a part state;
means for detecting a state change event in the system; and

means for detecting when a state change event occurs that results in the

wn A W N -

configuration system being in the initialized part state.

1 72. The apparatus, as set forth in claim 71, further comprising:
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2 means for generating a cause that explains the part state in terms of the state
3 change event.

1 73. The apparatus, as set forth in claim 72, further comprising:

2 means for generating a new part state for each part associated with the cause.
1 74. The apparatus, as set forth in claim 73, further comprising:

2 means for generating a cause tree, wherein the root of the cause tree is the

3 initial part state, and leaves of the tree are the user’s selections of parts.
1 75. The apparatus, as set forth in claim 73, further comprising:

2 means for generating an explanation of the part state, wherein the part

3 selections are the root of the explanation and the causes follow from
4 the part selections.

76. The apparatus, as set forth in claim 70, further comprising:

means for modifying the at least one rule when the test case conflicts with the

plurality of parts previously included in the product configuration.

[0 T R US T NG S
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RULE BASED CONFIGURATION ENGINE FOR A DATABASE

Kevin E. Gilpin

Adam R. Stein
Abstract of the Disclosure

5 The invention provides the ability to test rules in a rule-based system for
configuring a product. The configuration system defines the components of a product
using elements contained in a parts catalog and rules that define relationships between
the components of a product. The user provides test cases that select at least one part
to include in the product configuration, and the configuration tester processes the rule
10  to determine whether the at least one part selected in the test case conflicts with the

plurality of parts previously included in the product configuration.
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AND POWER OF ATTORNEY

“As a below naméd inventor, I hereby declare that:

My residence, post office address and citizenship are as stated below adjacent to my name.

I believe I am the original, first and sole inventor (if only one name is listed below) or an original,
first and joint inventor (if plural names are listed below) of subject matter (process, machine,
manufacture, or composition of matter, or an improvement thereof) which is claimed and for which a
patent is sought by way of the application entitled

Rule Based Configuration Engine For A Database

which (check) [X] is attached hereto.
[[] and is amended by the Preliminary Amendment attached hereto.
[[] was filed on as Application Serial No.
[[] and was amended on _.__ (if applicable).

I hereby state that I have reviewed and understand the contents of the above identified specification,
including the claims, as amended by any amendment referred to above.

I acknowledge the duty to disclose information, which is material to patentability as defined in Title
37, Code of Federal Regulations, § 1.56.

I hereby claim foreign priority benefits under Title 35, United States Code, § 119(a)-(d) of any foreign
application(s) for patent or inventor's certificate or any PCT international application(s) designating at
least one country other than the United States of America listed below and have also identified below
any foreign application(s).for patent or inventor's certificate or any PCT international application(s)
designating at least one country other than the United States of America filed by me on the same
subject matter having a filing date before that of the application(s) of which priority is claimed:

" Prior Foreign Application(s) Priority Claimed
Number Country Day/Month/Year Filed Yes No
N/A - d |

I hereby claim the benefit under Title 35, United States Code, § 119(e) of any United States
provisional application(s) listed below:

Provisional Application Number Filing Date

N/A
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I hereby claim the bene nder Title 35, United States Code, ‘0 of any United States

application(s) or PCT international application(s) designating the United States of America listed
below and, insofar as the subject matter of each of the claims of this application is not disclosed in the
prior application(s) in the manner provided by the first paragraph of Title 35, United States Code, §
112, T acknowledge the duty to disclose information, which is material to patentability as defined in
Title 37, Code of Federal Regulations, § 1.56, which became available between the filing date of the
prior application(s) and the national or PCT international filing date of this application:

Application Serial No. Filing Date Status (patented, pending, abandoned)

N/A

I hereby appoint the following attorney(s) and/or agent(s) to prosecute this application and to transact
all business in the United States Patent and Trademark Office connected therewith:

Alan H. MacPherson (24,423); Brian D. Ogonowsky (31,988); David W. Heid (25,875); Norman R.
Klivans (33,003); Edward C. Kwok (33,938); David E. Steuber (25,557); Michael Shenker (34,250);
Stephen A. Terrile (32,946); Peter H. Kang (40,350); Ronald J. Meetin (29,089); Ken John Koestner
(33,004); Omkar K. Suryadevara (36,320); David T. Millers (37,396); Michael P. Adams (34,763);
Robert B. Morrill (43,817); James E. Parsons (34,691); Philip W. Woo (39,880); Emily Haliday
(38,903); Tom Hunter (38,498); Michael J. Halbert (40,633); Gary J. Edwards (41,008); Daniel P.
Stewart (41,332); John T. Winburn (26,822); Tom Chen (42,406); Fabio E. Marino (43,339); Don C.
Lawrence (31,975); Marc R. Ascolese (42,268); Carmen C. Cook (42,433); David G. Dolezal
(41,711); Roberta P. Saxon (43,087); Mary Jo Bertani (42,321); Dale R. Cook (42,434); Sam G.
Campbell (42,381); Matthew J. Brigham (44,047); Hugh H. Matsubayashi (43,779); Patrick D.
Benedicto (40,909); T.J. Singh (39,535); Shireen Irani Bacon (40,494); Rory G. Bens (44,028);
George Wolken, Jr. (30,441); John A. Odozynski (28,769); Cameron K. Kerrigan (44,826); Paul E.
Lewkowicz (44,870); Theodore P. Lopez (44,881); Mayankkumar M. Dixit (44,064); Eric Stephenson
(38,321); Christopher Allenby (45,906); David C. Hsia (46,235); Mark J. Rozman (42,117); Margaret
M. Kelton (44,182); Do Te Kim (46,231); Alex Chen (45,591); Monique M. Heyninck (44,763);
Gregory J. Michelson (44,940); Jonathan Geld (44,702); Emmanuel Rivera (45, 760) Jason FarHadian
(42,523); Matthew J. Spark (43,453); and Kent B. Chambers (38 839).

) Please address all correspondence and telephone calls to:

Mary Jo Bertani
Attorney for Applicant(s) .
SKJERVEN, MORRILL, MacPHERSON, FRANKLIN & FRIEL LLP
25 Metro Drive, Suite 700
San Jose, California 95110-1349

Telephone: 408-453-9200
Facsimile: 408-453-7979

I declare that all statements made herein of my own knowledge are true, all statements made herein on
information and belief are believed to be true, and all statements made herein are made with the
knowledge that whoever, in any matter within the jurisdiction of the Patent and Trademark Office,
knowingly and willfully falsifies, conceals, or covers up by any trick, scheme, or device a material
fact, or makes any false, fictitious or fraudulent statements or representations, or makes or uses any

.. false writing or document knowing the same to contain any false, fictitious or fraudulent statement or

- entry, shall be subject to the penalties including fine or imprisonment or both as set forth under 18
U.S.C. 1001, and that violations of this paragraph may jeopardize the validity of the application or
this document, or the validity or enforceability of any patent, trademark registration, or certificate

resulting therefrom.
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Citizenship:  United States
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N Title L Rule Based Configuration Engine For A Database
35 U.S.C. 122(b)(2)(B)(i) Atty Docket Number | M-7822 US

| hereby certify that the invention disclosed in the attached application has not and will not be
the subject of an application filed in another country, or under a multilateral agreement, that
requires publication at eighteen months after filing. | hereby request that the attached
application not be published under 35 U.S.C. 122(b).

January 31, 2001 ' %/“1 @f %«Z

Date Mary Jo afl
Attorney forApplicants
Reg. No.: 42,321

This request must be signed in compliance with 37 CFR 1.33(b) and submitted
with the application upon filing.

Applicant may rescind this nonpublication request at any time. If applicant
rescinds a request that an application not be published under 35 U.S.C. 122(b),
the application will be scheduled for publication at eighteen months from the
earliest claimed filing date for which a benefit is claimed.

If applicant subsequently files an application directed to the invention disclosed
in the attached application in another country, or under a mulilateral
international agreement, that requires publication of applications eighteen
months after filing, the applicant must notify the United States Patent and
Trademark Office of such filing within forty-five (45) days after the date of the
filing of such foreign or international application. Failure to do so will result
in abandonment of this application (35 U.S.C. 122(b)(2)(B)(iii)).

7 CFR 1.213(a) provides for a request that an application not be published under 35 U.S.C. 122(b). Confidentiality is governed by 35
U.S.C. 122 and 37 CFR 1.14. SEND TO: Commissioner for Patents, Washington, DC 20231.
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R ) UNITED STATES PATENT AND TRABEMARK OFFICE

www.uspto.gov
| APPLICATION NUMBER | FILING/RECEIPT DATE ] FIRSTNAMED APPLICANT | ~ ATTORNEY DOCKET NUMBER |
09/773,101 01/31/2001 Kevin E. Gilpin M-7822 US

CONFIRMATION NO. 5458
FORMALITIES LETTER

e B SRILL. MacPHERSON. A0 L0 0

*OC000000005843769*
FRANKLIN & FRIEL LLP
25 Metro Drive, Suite 700
San Jose, CA 95110-1349

Date Mailed: 03/09/2001

NOTICE TO FILE CORRECTED APPLICATION PAPERS

Filing Date Granted

| This application has been accorded an Application Number and Filing Date. The application, however, is
informal since it does not comply with the regulations for the reason(s) indicated below. Applicant is given
TWO MONTHS from the date of this Notice within which to correct the informalities indicated below.
Extensions of time may be obtained by filing a petition accompanied by the extension fee under the
provisions of 37 CFR 1.136(a)

-

The required item(s) identified below must be timely submitted to avoid abandonment:

-

¢ Substitute drawings in compliance with 37 CFR 1.84 because:

» drawing sheets do not have the appropriate margin(s) (see 37 CFR 1.84(g)). Each
sheet must include a top margin of at least 2.5 cm. (1 inch), a left side margin of at
least 2.5 cm. (1 inch), a right side margin of at least 1.5 cm. ( 5/8 inch), and a
bottom margin of at least 1.0 cm. (3/8 inch);

A copy of this notice MUST be returned with the réply.

Custgmer Service Center

Initial Patent Examination Division (703) 308-1202
PART 3 - OFFICE COPY
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IN THE UNITED STATES PATENT AND TRADEMARK QFFICE ,
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{(s): Gilpin, Kevin E.; Stein, Adam R. —
Trilogy Development Group, Inc.

Rule Based Configuration Engine For A Database

Serial No.: 09/773,101 Filing Date: January 31, 2001
Examiner: Not Assigned Group Art Unit: 2121
Docket No.: M-7822 US

: San Jose, California
"»‘\'" May 8, 2001

Attn: Official Draftsperson
COMMISSIONER FOR PATENTS
Washington, D. C. 20231

SUBMISSION OF FORMAL DRAWINGS
IN RESPONSE TO NOTICE TO FILE CORRECTED APPLICATION
PAPERS

Dear Sir:

Applicants submit six (6) sheets of formal drawings, consisting of Figures 1, 2, 3A,
3B, 3C, and 3D in the above-named application. This is being submitted in response to
the Notice to File Corrected Application Papers mailed by the United States Patent and
Trademark Office on March 9, 2001.

The Commissioner is hereby authorized to charge any fees, which may be
required, or credit any overpayment to Deposit Account No. 19-2386.

It is hereby respectfully submitted that the enclosed documents complete the filing

of the above patent application and justify the filing date of January 31, 2001. Please

SK;}:EE%‘;:;%TR&‘:.L telephone the undersigned at (512) 794-3600, if there are any questions.
swig’%%icg 10 EXPRESS MAIL LABEL NO: Respectfully submitted,
FAX (408) 453-7979 -
EL803198539US %'2 ?‘D /ST
Mary Jo Bertani

Attorney for Applicants
Reg. No. 42,321 7
~
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25 Metro Drive, Suite 700
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Date Mailed: 03/09/2001

NOTICE TO FILE CORRECTED APPLICATION PAPERS
Filing Date Granted

This application has been accorded an Application Number and Filing Date. The application, however, is
informal since it does not comply with the regulations for the reason(s) indicated below. Applicant is given
TWO MONTHS from the date of this Notice within which to correct the informalities indicated below.
Extensions of time may be obtained by filing a petition accompanied by the extension fee under the
provisions of 37 CFR 1.136(a)

The required item(s) identified below must be timely submitted to avoid abandonment:
o Substitute drawings in compliance with 37 CFR 1.84 because:

= drawing sheets do not have the appropriate margin(s) (see 37 CFR 1.84(g)). Each
sheet must include a top margin of at least 2.5 cm. (1 inch), a left side margin of at -
least 2.5 cm. (1 inch), a right side margin of at least 1.5 cm. ( 5/8 inch), and a
bottom margin of at least 1.0 cm. (3/8 inch);

A copy of this notice MUST be returned with the reply.

CustomEr Service Center

Initial Patent Examination Division (703) 308-1202 .
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Clzas Definiton for Class 700 - DATA PR...CONTROL SYSTEMS OR SPECIFIC APPLICATIONS wysiwyg://14/http://ptoweb3:8081/uspc700/defs700.htm

95 Product assembly or manufacturing:
This subclass is indented under 90. Subject matter wherein the data processing system or
calculating computer controls, monitors, or manages the sequential operations of a
production process.

SEE OR SEARCH CLASS:

12, Boot and Shoe Making, subclass 142 for the process of boot and shoe making.

29, Metal Working, appropriate subclass, especially subclasses 592 through 559for
method of mechanical manufacture,

53, Package Making, appropriate subclass for an apparatus for and method of
encompassing, encasing, or completely surrounding goods or materials with a cover
made from sheet material stock.

56, Harvesters, appropriate subclass for a means of severing crops which grow above
the surface of the ground, without disturbing the soil, and a means for gathering the
same from the field after they are severed.

59, Chain, Staple, and Horseshoe Making, appropriate subclass for the manufacture as
it relates to chains, staples, or horseshoes.

79 Button Making, appropriate subclass for machines or processes for making buttons.

118, Coating Apparatus, subclasses 663 through 714for the control of an apparatus for
applying or obtaining a surface coating on a base or for impregnating base
materials. v

142, Wood Turning, appropriate subclasses for wood turning.
Woodworking, subclasses 329 through 381for woodworking processes.

Adhesive Bonding and Miscellaneous Chemical Manufacture, subclasses 1 through

~ 344for a manufacturing process or apparatus including a step of adhesively bonding
parts together or the manufacture of articles of commerce in which one of the
manufacturing steps includes a chemical reaction.

Paper Making and Fiber Liberation, subclasses 100 through 231for the process of
paper making.
Needle and Pin Making, subclasses 1 through Sfor needle or pin manufacturing.

Etching a Substrate: Processes, appropriate subclasses for the manufacturirg of a
substrate by etching.

Selective Cutting (e.g., Punching), appropriate subclass for a method or apparatus
for a selective cutting process.

Plastic and Nonmetallic Article Shaping or Treating: Processes, appropriate
subclass.

Brush, Broom, and Mop Making, subclass 21 for the process of manufacturing.

Communications: Electrical, subclasses 3.1 through 3.9for selective electrical
communication having monitoring in addition to control (e.g., supervisory).
Bookbinding: Process and Apparatus, subclasses 1 through 8for the process of
bookbinding.

Coating Processes, appropriate subclass for applying or obtaining a coating or
surface.
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96 Integrated system (Computer Integrated Manufacturing (CIM)):
This subclass is indented under 95. Subject matter wherein the sequential operations of
multiple manufacturing processes are interconnected by a host management system (e.g.,
Production Integrated Processing Equipment (PIPE), cluster tools, etc.).
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Class Defmition for Class 700 - DATA PR...CONTROL SYSTEMS OR SPECIFIC APPLICATIONS

97

Design or planning:

This subclass is indented under 95. Subject matter wherein the calculating computer or data

processing system analyzes, prioritizes, or modifies input data to arrange the sequential
operations for product manufacturing or to configure a product.

SEE OR SEARCH CLASS:

~J
W

03, Data Processing: Structural Design, Modeling, Simulation, and Emulation, subclass
1 for a data processing system or calculating computer designed for or utilized in

structural design as it relates to mechanical engineering.

Data Processing: Artificial Intelligence, cross-reference art collections 919+ related
to the designing of objects, plan preparation, program preparation, computer aided
design (i.e., CAD), or computer aided software engineering (i.e., CASE).

Data Processing: Design and Analysis of Circuit or Semiconductor Mask, subclasses
1 through 18for a data processing system or calculating computer designed for or
utilized in the design and analysis of electrical components and circuits made up
thereof.

|
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~
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~

3-D product design (e.g., solid modeling):
This subclass is indented under 97. Subject matter wherein the planned or designed
structure is represented as a three dimensional image in two-dimensional space.

SEE OR SEARCH THIS CLASS, SUBCLASS:
163 for 3-D sculpturing in the machining process.

A L2

SEE OR SEARCH CLASS:

345, Computer Graphics Processing, Operator Interface Processing, and Selective Visual
Display Systems, subclasses 418 through 475and subclass 607 for
three-dimensional or perspective data processing for display presentation.

359, Optics: Systems (Including Communication) and Elements, subclass 458 for
stereoscopic or three-dimensional imaging. .

382, Image Analysis, subclass 154 for 3-D or stereo image analysis.

Resource allocation:

This subclass is indented under 97. Subject matter wherein the data processing system or
calculating computer control the coordination and logistics of physical objects in a
manufacturing process.

SEE OR SEARCH THIS CLASS, SUBCLASS:

28 through 55, wherein a control seeks to optimize a system"s performance criterion
(e.g., efficiency, consumption, or profit).

SEE OR SEARCH CLASS:

705, Data Processing: Financial, Business Practice, Management, or Cost/Price
Determination, subclass 8 for allocation of resources or scheduling an
administrative function by an automated business or management system.

8/23/02 2:54 PM
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0

o

Job scheduling:
This subclass is indented under 99. Subject matter wherein the coordination of the physical
object is controlled by a system constraint (e.g., time, machine availability, etc.).

SEE OR SEARCH CLASS:

234, Selective Cutting (e.g., Punching), subclasses 23 through 24for a means to detect
the order of occurrence of input data.

101 Priority ordering:
This subclass is indented under 100. Subject matter wherein the data processing system or
calculating computer operates in a supervisory mode to order the sequential operations.

-4102 Job release determination: .

This subclass is indented under 100. Subject matter wherein the data processing system or
calculating computer monitors and controls the sequence of manufacturing operations based
\ on task output.

103 Constraints or rules:
’ This subclass is indented under 97. Subject matter wherein the data processing system or
calculating computer monitors and controls the sequence of manufacturing operations based
on a set of operating rules or regulations.

-

g

104 Knowledge based (e.g., expert system):

This subclass is indented under 103. Subject matter wherein the data processing system or

calculating computer generates, monitors, modifies, or controls the sequential

manufacturing operations using historical data to infer a resuit.

SEE OR SEARCH THIS CLASS, SUBCLASS:

49, for an expert system (e.g., knowledge based) control system.

SEE OR SEARCH CLASS:

706, Data Processing: Artificial Intelligence, subclass 14 for adaptive systemé,' -
cross-reference art collections 902-934 for art related to the applications of artificial
intelligence, in particular cross reference art collection 904 wherein artificial
intelligence is used in applications related to manufacturing and machines.

105 Rework or engineering change:

. This subclass is indented under 97. Subject matter wherein the data processing system or
calculating computer monitors and controls the sequence of manufacturing operations based
on engineering or manufacturing changes.

-t
[¢)]

Material requirement:

This subclass is indented under 97. Subject matter wherein the data processing system or
calculating computer monitors and controls the sequence of manufacturing operations based
on the necessary construction components.

29 of 78 8/23/02 2:54 PM
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Eric N. Hanson
June 1992 ACM SIGMOD Record , Proceedings of the 1992 ACM SIGMOD internati

Volume 21 Issue 2
Full text available: pdf(1.06 MB) Additional Information: full citation, abstract, references,

This paper describes testing of rule conditions and execution of rule actions in
is tightly coupled with query and update processing. Ariel rules can have cond
and transitions. For testing rule conditions, Ariel makes use of a discriminatio
structure for testing single-relation selection conditions efficiently, and a mod

A-TREAT, ...

2 A predicate matching algorithm for database rule systems
Eric N. Hanson, Moez Chaabouni, Chang-Ho Kim, Yu-Wang Wang
May 1990 ACM SIGMOD Record , Proceedings of the 1990 ACM SIGMOD internatio

Volume 19 Issue 2
Full text available: ] pdf(1.08 MB) Additional Information: full citation, abstract, references,

Forward-chaining rule systems must test each newly asserted fact against a c
that match the fact. Expert system rule engines use a simple combination of

matching. We introduce an algorithm for finding the matching predicates that
algorithm when the number of predicates is large. We focus on equality and i

domains. This algorithm is well ...
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3 An algebraic approach to static analysis of active database rules

Elena Baralis, Jennifer Widom
September 2000 ACM Transactions on Database Systems (TODS), Volume 2

Full text available: pdf(391.93 KB) Additional Information: full citation, abstract, reference

Rules in active database systems can be very difficult to program due to the u
rule processing. We provide static analysis techniques for predicting whether
and whether rule execution is confluent (guaranteed to have a unique final st
techniques for analyzing rules in active database systems. We improve consid
providing analysis criter ...

Keywords: active database systems, confluence, database rule processing, da

4 Efficient tests for top-down termination of logical rules
Jeffrey D. Ullman, Allen Van Gelder
April 1988 Journal of the ACM (JACM), Volume 35 Issue 2

Full text available: pdf(2.32 MB) Additional Information: full citation, abstract, references, citin -

Considered is the question of whether top-down (Prolog-like) evaluation of a
terminate. The NAIL! system is designed to process programs consisting of lo
of the program, the best from among many possible strategies for its evaluat
essential that termination tests be fast. Thus, the &ldquo;uniqueness&rdquo;
property is ...

5 Set-oriented constructs: from Rete rule bases to database systems

Douglas N. Gordin, Alexander J. Pasik
April 1991 ACM SIGMOD Record , Proceedings of the 1991 ACM SIGMOD internati

Volume 20 Issue 2
Full text available: pdf(733.87 KB) Additional Information: full citation, references, ¢

6 Discrimination network for rule condition matching in object-oriented datab:

Moez Chaabouni, Soon M. Chung
February 1995 Proceedings of the 1995 ACM symposium on Applied computin

Full text available: pdf(641.89 KB) Additional Information: full citation, references, ind

Keywords: discrimination network, object-oriented database rule system, patt
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7 Active rules in deductive databases
John V. Harrison
December 1993 proceedings of the second international conference on Information
Full text available: &} pdf(1.13 MB) Additional Information: full citation, references, index

8 A practical approach to static analysis and execution of rules in active data
Seung-Kyum Kim, Sharma Chakravarthy
January 1997 proceedings of the sixth international conference on Information and
Full text available: pdf(1.20 MB) Additional Information: full citation, references, index te

9 Column: Generating consistent test data: restricting the search space by a
Andrea Neufeld, Guido Moerkotte, Peter C. Lockemann
April 1993 The VLDB Journal &mdash; The International Journal on Very Large D

Full text available: pdf(2.31 MB) Additional Information: full citation, abstract, refer

To address the problem of generating test data for a set of general consistenc
approach: First the interdependencies between consistency constraints are ex
on their basis. During its creation, the user may exert control. In essence, the
restrict the search for consistent test databases. In the second step, the test
approaches are pr ...

Keywords: consistency, design, logic, test data, validation

10 Poster papers: Construct robust rule sets for classification
Jiuyong Li, Rodney Topor, Hong Shen
July 2002 proceedings of the eighth ACM SIGKDD international conference on Kn
Full text available: T4 pdf(612.74 KB) Additional Information: full citation, abstract, refer

We study the problem of computing classification rule sets from relational dat
made on test data with missing attribute values. Traditional classifiers perform
as the training data because they tailor a training database too much. We intr
more robust than another, that is, able to make more accurate predictions on
show that the opti ...

Keywords: association rule, classification rule, data mining
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11 Efficient mining of association rules in text databases
John D. Holt, Soon M. Chung
November 1999  Proceedings of the eighth international conference on Informatio
Full text available: pdf(1.09 MB) Additional Information: full citation, abstract, referen

In this paper, we propose two new algorithms for mining association rules bet
characteristics of text databases are quite different from those of retail transa
algorithms cannot handle text databases efficiently because of the large num
counted. Two well-known mining algorithms, Apriori algorithm and Direct Has
evaluated in the context of min ...

12 Automating software analysis and testing using a program transformation ¢
G. Kotik, L. Markosian
November 1989 ACM SIGSOFT Software Engineering Notes , Proceedings of the AC
Software testing, analysis, and verification, Volume 14 Issue 8
T2 pdf(888.08 KB) Additional Information: full citation, abstract, reference

We describe an approach to software analysis and test generation that combin
databases and parsers for capturing and representing software; pattern langu
querying and analyzing a database of software; and transformation rules for a
on the analysis results, and for automatically creating program &ldquo;mutan
coverage of the test cases. We pre ...

Full text available:

13 Beyond market baskets: generalizing association rules to correlations
Sergey Brin, Rajeev Motwani, Craig Silverstein
June 1997 ACM SIGMOD Record , Proceedings of the 1997 ACM SIGMOD internati
Volume 26 Issue 2

Full text available: pdf(1.59 MB) Additional Information: full citation, abstract, references,

One of the most well-studied problems in data mining is mining for associatio
rules, whose significance is measured via support and confidence, are intende
customer purchasing item A often also purchases item B.&rdquo; Motivated b
baskets and the association rules used with them, we develop the notion of m
(generalizing associations ...
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14 Space optimization in deductive databases
Divesh Srivastava, S. Sudarshan, Raghu Ramakrishnan, Jeffrey F. Naughton
December 1995 ACM Transactions on Database Systems (TODS), Volume 20
Full text available: pdf(3.22 MB) Additional Information: full citation, abstract, references, in

In the bottom-up evaluation of logic programs and recursively defined views o
usually assumed to be stored until the end of the evaluation. Discarding facts
considerably improve the efficiency of the evaluation: the space needed to ev

costs of maintaining and accessing indices, and the cost of eliminating duplica
evaluation method that is sound, compl ...

Keywords: bottom-up query evaluation deductive database systems, discardin

.

15 On the Complexity of Testing Implications of Functional and Join Dependel
David Maier, Yehoshua Sagiv, Mihalis Yannakakis
October 1981 Journal of the ACM (JACM), Volume 28 Issue 4

Full text available: pdf(1.08 MB) Additional Information: full citation, references, citings, index terms

16 Index support for rule activation
David A. Brant, Daniel P. Miranker
June 1993 ACM SIGMOD Record , Proceedings of the 1993 ACM SIGMOD internati
Volume 22 Issue 2

Full text available: T pdf(888.85 KB) Additional Information: full citation, abstract, reference

Integrated rule and database systems are quickly moving from the research |
However, the current generation of prototypes are designed to work with sma
The problem of supporting large complex rule programs within database mana

challenges. The basis for many of these challenges is providing support for ru
the process of determining ...

17 Special issue on prototypes of deductive database systems: The aditi dedu
Jayen Vaghani, Kotagiri Ramamohanarao, David B. Kemp, Zoltan Somogyi, Pete
April 1994  The VLDB Journal &mndash; The International Journal on Very Large D

Full text available: T&] pdf(2.67 MB) Additional Information: full citation, abstract, refer

Deductive databases generalize relational databases by providing support for
is a deductive system based on the client-server model; it is inherently multi-
on shared-memory multiprocessors. The back-end uses relational technology

disk-based data and uses optimization algorithms especially developed for the
involving recursion. The front ...

Keywords: implementation, logic, multi-user, parallelism, relational database
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Yonatan Aumann, Yehuda Lindell

August 1999 proceedings of the fifth ACM SIGKDD international conference on Kno
Full text available: pdf(1.22 MB) Additional Information: full citation, references, citings,

18 Concepts and implementation of a rule-based process engine
Burkhard Peuschel, Wilhelm Schafer

June 1992 proceedings of the 14th international conference on Software engineer
Full text available: pdf(1.77 MB) Additional Information: full citation, references, citings, index terms

20 Polynomial-time program transformations in deductive databases
Yatin P. Saraiya

April 1990  proceedings of the ninth ACM SIGACT-SIGMOD-SIGART symposium on
Full text available: T%] pdf(1.17 MB) Additional Information: full citation, abstract, references,

We investigate the complexity of various optimization techniques for logic dat
polynomial-time algorithms for restricted versions of common program transf
relaxation of these restrictions leads to NP-hardness. To this end, we define t
queries, and show that while the 2-containment problem is in P, the 3-contain
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21 Decidability and undecidability results for the termination problem of active
James Bailey, Guozhu Dong, Kotagiri Ramamohanarao
May 1998 Proceedings of the seventeenth ACM SIGACT-SIGMOD-SIGART sympos
Full text available: ff) pdf(1.28 MB) Additional Information: full citation, references, citings

22 A framework for testing safety and effective computability of extended data
Ravi Krishnamurthy, Raghu Ramakrishnan, Oded Shmueli
June 1988  Proceedings of the 1988 ACM SIGMOD international conference on M
Full text available: T3 pdf(1.32 MB) Additional Information: full citation, abstract, references,

This paper presents a methodology for testing a general logic program contain
predicates for safety and effective computability. Safety is the property that t
finite. A related issues is whether the evaluation strategy can effectively com
consider these problems under the assumption that queries are evaluated usi
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23 Universal relation systems: Functional dependencies on cyclic database sc
Kent Laver, Alberto O. Mendelzon, Marc H. Graham
May 1983 . Proceedings of the 1983 ACM SIGMOD international conference on M
Full text available: pdf(1.35 MB) Additional Information: full citation, abstract, refere

We study how functional dependencies affect the cyclicity of a database schem
functional dependencies make a cyclic database scheme behave like an acycli

every pairwise-consistent database state that satisfies the fd's is join-consiste
fd-acyclicity over a restricted class of database schemes. We then give a table
case that leads to a ...

24 Coordinating rule-based software processes with ESP

Paolo Ciancarini
July 1993  ACM Transactions on Software Engineering and Methodology (TOSEM

Full text available: T&] pdf(1.71 MB) Additional Information: full citation, abstract, references,

ESP is a language for modeling rule-based software processes that take place

environment. It is based on PoliS, an abstract coordination model that relies o
tuples a la Linda. PoliS extends Linda aiming at the specification and coordina
(Extended Shared Prolog) combines the PoliS mechanisms to deal with concu

logic-programming language ...

Keywords: concurrency, logic programming, multiuser programming environm
process, software process modeling

25 Cactis: a self-adaptive, concurrent implementation of an object-oriented da
Scott E. Hudson, Roger King
September 1989 ACM Transactions on Database Systems (TODS), Volume 1
Full text available: T pdf(2.65 MB) Additional Information: full citation, abstract, references, citing

Cactis is an object-oriented, multiuser DBMS developed at the University of C
functionally-defined data and uses techniques based on attributed graphs to o
functionally-defined data. The implementation is self-adaptive in that the phy
algorithms dynamically change in order to reduce disk access. The system is
are some number of computations that must be performed t ...

26 Implementation of logical query languages for databases

Jeffrey D. Ullman
September 1985 ACM Transactions on Database Systems (TODS), Volume 1

Full text available: @ pdf(2.66 MB) Additional Information: full citation, abstract, references, citin

We examine methods of implementing queries about relational databases in t
in first-order logic as a collection of Horn clauses. Because queries may be de
of query evaluation do not always work, and a variety of strategies have been
queries. We express such query evaluation techniques as &ldquo;capture rule
and predicates. One ess ...
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27 A framework for testing database applications
David Chays, Saikat Dan, Phyllis G. Frankl, Filippos I. Vokolos, Elaine J. Weber
August 2000 ACM SIGSOFT Software Engineering Notes , Proceedings of the Intern
and Analysis, Volume 25 Issue 5
Full text available: pdf(557.89 KB) Additional Information: full citation, abstract, reference

Database systems play an important role in nearly every modern organization
focused on how to test them. This paper discusses issues arising in testing da
to testing database applications. In testing such applications, the state of the
operation plays an important role, along with the user's input and the system
with meaningful dat ...

Keywords: database, software testing, test data

28 Static analysis techniques for predicting the behavior of active database rul
Alexander Aiken, Joseph M. Hellerstein, Jennifer Widom
March 1995 ACM Transactions on Database Systems (TODS), Volume 20 Iss
Full text available: pdf(2.79 MB) Additional Information: full citation, abstract, references, citing

This article gives methods for statically analyzing sets of active database rule
guaranteed to terminate, (2) guaranteed to produce a unique final database s
unique stream of observable actions. If the analysis determines that one of th
isolates the rules responsible for the problem and determines criteria that, if
analysis methods are presented ...

Keywords: active database systems, confluence, database rule processing, sta

29 Testing implications of data dependencies
David Maier, Alberto O. Mendelzon, Yehoshua Sagiv
December 1979 ACM Transactions on Database Systems (TODS), Volume 4
Full text available: pdf(1.14 MB) Additional Information: full citation, abstract, references,
Presented is a computation method&mdash;the chase&mdash;for testing imp
data dependencies. The chase operates on tableaux similar to those of Aho, S
previous tableau computation methods as special cases. By interpreting table

templates for relations, it is possible to test implication of join dependencies (
functional dependenc ...

Keywords: chase, data dependencies, functional dependencies, join dependen
databases, tableaux
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30 QProber: A system for automatic classification of hidden-Web databases
Luis Gravano, Panagiotis G. Ipeirotis, Mehran Sahami
January 2003 ACM Transactions on Information Systems (TOIS), Volume 21
Full text available: 2] pdf(3.62 MB) Additional Information: full citation, abstract, reference

The contents of many valuable Web-accessible databases are only available t
invisible to traditional Web "crawlers." Recently, commercial Web sites have s
Web-accessible databases into Yahoo!-like hierarchical classification schemes
system that automates this classification process by using a small number of
classifiers. QProber can use a variety of types of ...

Keywords: Database classification, Web databases, hidden Web

31 Probe, count, and classify: categorizing hidden web databases
Panagiotis G. Ipeirotis, Luis Gravano, Mehran Sahami

May 2001 ACM SIGMOD Record , Proceedings of the 2001 ACM SIGMOD internatio
Volume 30 Issue 2

Full text available: pdf(389.34 KB) Additional Information: full citation, abstract, reference

The contents of many valuable web-accessible databases are o
interfaces and are hence invisible to traditional web &ldquo;cre
estimated the size of this &ldquo;hidden web&rdquo; to be 50(
&ldquo;crawlable&rdquo; web is only an estimated two billion
sites have started to manually organize web-accessible databa:
classification schemes ...

32 On the decidability and axiomatization of query finiteness in deductive data

Michael Kifer
July 1998 Journal of the ACM (JACM), Volume 45 Issue 4
Full text available: pdf(323.85 KB) Additional Information: full citation, abstract, referen

A database query is finite if its result consists of a finite sets tuples. For queri
the problem of determining finiteness is, in general, undecidable.In this pape
stronger kind of finiteness, which applies to Horn queries whose function sym
infinite relations with finiteness constraints (abbr., F ...

Keywords: axiomatization, computability, finite queries, finiteness constraints
constraints, query processing
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33 A form-based approach for database analysis and design
Joobin Choobineh, Michael V. Mannino, Veronica P. Tseng
February 1992  Communications of the ACM, Volume 35 Issue 2
Full text avaitable: 8] pdf(8.75 MB) Additional Information: full citation, references, index terms, review

Keywords: form processing, view definition, view integration

34 Discovery of multi-level rules and exceptions from a distributed database
Rénan Paircéir, Sally McClean, Bryan Scotney
August 2000 proceedings of the sixth ACM SIGKDD international conference on Kn
Full text available: T pdf(132.32 KB) Additional information: full citation, references, i

Keywords: aggregates, distributed databases, exception discovery, multi-leve
sufficient statistics

35 Safe query languages for constraint databases
Peter Z. Revesz

March 1998 ACM Transactions on Database Systems (TODS), Volume 23 Is

Full text available: pdf(295.75 KB) Additional Information: full citation, abstract, reference

In the database framework of Kanellakis et al. [1990] it was argued that cons
constraint databases as input and give other constraint databases that use th
output. This closed-form requirement has been difficult to realize in constrain

negation symbol. This paper describes a general approach to restricting const
subsets that contain only programs ...

36 Closures of database hypergraphs

Domenico Sacca

October 1985 Journal of the ACM (JACM), Volume 32 Issue 4

Full text available: T3] pdf(2.51 MB) Additional Information: full citation, abstract, references, citi

A hypergraph formalism is introduced to represent database schemata. In par
one full join dependency and a set of functional dependencies, is represented
both undirected and directed hyperedges. Undirected hyperedges correspond

directed hyperedges correspond to the functional dependencies. In addition, t
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37 Rule based database access control&mdash;a practical approach
Tor Didriksen
November 1997 Proceedings of the second ACM workshop on Role-based access co
Full text available: T pdf(1.01 MB) Additional Information: full citation, references, index terms

38 Rule-based optimization and query processing in an extensible geometric ¢
Ludger Becker, Ralf Hartmut Giting

June 1992 ACM Transactions on Database Systems (TODS), Volume 17 Issu
Full text available: TX] pdf(3.35 MB) Additional Information: full citation, abstract, references, citin

Gral is an extensible database system, based on the formal concept of a man
algebra is used to define any application's query language, its query executio
this paper we describe Gral's optimization component. It provides (1) a sophi
transformations of abstract algebra expressions, (2) a general optimization fra
optimization algorithms can be ...

Keywords: extensibility, geometric query processing, many-sorted algebra, op
optimization

39 Answering queries on embedded-complete database schemes
Edward P. F. Chan, Alberto O. Mendelzon
April 1987 Journal of the ACM (JACM), Volume 34 Issue 2
Full text available: T| pdf(2.22 MB) Additional Information: full citation, abstract, references, citin

It has been observed that, for some database schemes, users may have diffic
for simple queries. The problem occurs when some implicit &ldquo;piece&rdqu
of a relation scheme, is not explicitly represented in the database state. In th
how the state and the constraints interact before they can retrieve the inform
not ...

40 Measuring system normality
Mark Burgess, Harek Haugerud, Sigmund Straumsnes, Trond Reitan
May 2002 ACM Transactions on Computer Systems (TOCS), Volume 20 Issu
Full text available: pdf(794.43 KB) Additional Information: full citation, abstract, refere

A comparative analysis of transaction time-series is made, for light to modera
problem of anomaly detection in computers. Criteria for measuring the statist
a scaling transformation to the measured data, it is found that the distribution
approximated by a steady-state, maximum-entropy distribution, modulated b
distribution, under these con ...

Keywords: Anomaly detection, statistical mechanics
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41 Special issue on prototypes of deductive database systems: The glue-nail ¢

implementation, and evaluation

Marcia A. Derr, Shinichi Morishita, Geoffrey Phipps _

April 1994  The VLDB Journal &mdash; The International Journal on Very Large D
Full text available: pdf(2.16 MB) Additional Information: full citation, abstract,

We describe the design and implementation of the Glue-Nail deductive databa
query language; Glue is a procedural language used for non-query activities.
to write a complete application. Nail and Glue code are both compiled into the
uses variants of the magic sets algorithm and supports well-founded models.
peephole techniques and data ...

Keywords: language, performance, query optimization
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42 Exploratory mining and pruning optimizations of constrained associations r
Raymond T. Ng, Laks V. S. Lakshmanan, Jiawei Han, Alex Pang
June 1998 ACM SIGMOD Record , Proceedings of the 1998 ACM SIGMOD internati
Volume 27 Issue 2
Full text available: T&] pdf(1.65 MB) Additional Information: full citation, abstract, references,

From the standpoint of supporting human-centered discovery of knowledge, t
rules suffers from the following serious shortcomings: (i) lack of user explora
rigid notion of relationships. In effect, this model functions as a black-box, ad
We propose, in this paper, an architecture that opens up the black-box, and s
explorat ...

43 Fuzzy functional dependencies and lossless join decomposition of fuzzy rel
K. V. S. V. N. Raju, Arun K. Majumdar
June 1988 ACM Transactions on Database Systems (TODS), Volume 13 Issu
Full text available: @ pdf(3.05 MB) Additional Information: full citation, abstract, references, citin

This paper deals with the application of fuzzy logic in a relational database en
more meaning of the data. It is shown that with suitable interpretations for th
relational data model can be used to represent ambiguities in data values as
among them. Relational operators for fuzzy relations have been studied, and
integrity constraint ...

44 Automatic verification of database transaction safety
Tim Sheard, David Stemple
September 1989 ACM Transactions on Database Systems (TODS), Volume 1
Full text available: ‘@ pdf(3.34 MB) Additional Information: full citation, abstract, references, citin

Maintaining the integrity of databases is one of the promises of database man
that integrity constraints are invariants of database transactions. This is very
presence of complex constraints and large amounts of data. One way to minim
maintain database integrity over transaction processing is to prove at compile
atomically, disobey i ...
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45 Extending performance approaches to new application domains: An optimi.
configuration
David Bartholomew Stewart, Efstathios Papaefstathiou, Jonathan Hardwick
July 2002 Proceedings of the third international workshop on Software and per
Full text available: pdf(220.16 KB) Additional Information: full citation, abstrac

A common problem that sales consultants face in the field is the selection of a
configuration for web farms. Over-provisioning means that the tender will be
lead to a configuration that does not meet the customer criteria. Indy is a per
allows developers to create custom modeling applications. We have construct
web farm workloads and topologies. T ...

Keywords: design, experimentation, indy, infrastructures, measurement, mod
simulation

46 A methodology for creating user views in database design
Veda C. Storey, Robert C. Goldstein
September 1988 ACM Transactions on Database Systems (TODS), Volume 1
Full text available: pdf(2.41 MB) Additional Information: full citation, abstract, references, citin

The View Creation System (VCS) is an expert system that engages a user in a
requirements for some application, develops an Entity-Relationship model for
converts the E-R model to a set of Fourth Normal Form relations. This paper d
is, it presents a formal methodology, capable of mechanization as a computer
a user, identifying and resolving incons ...

47 Optimization of a cycle time and utilization in semiconductor test manufactt
near-real-time scheduling system
Appa lyer Sivakumar
December 1999 proceedings of the 31st conference on Winter simulation: Simulati
Full text available: pdf(142.30 KB) Additional Information: full citation, abstract, references,
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48 Process synchronization in database systems
Gunter Schlageter
September 1978 ACM Transactions on Database Systems (TODS), Volume
Full text available: %] pdf(1.87 MB) Additional Information: full citation, abstract, references,

The problem of process synchronization in database systems is analyzed in a
abstract level; the abstraction is chosen such that the essential characteristic
and investigated. Using a small set of concepts, a consistent description of th
used, but only vaguely defined, notions are defined exactly within this framew
problem immediately leads ...

Keywords: database consistency, database systems, integrity, locking, paralle

49 Heraclitus: elevating deltas to be first-class citizens in a database programi
Shahram Ghandeharizadeh, Richard Hull, Dean Jacobs
September 1996 ACM Transactions on Database Systems (TODS), Volume 2
Full text available: pdf(3.76 MB) Additional Information: full citation, abstract, references, citin

Traditional database systems provide a user with the ability to query and man
current database state. However, in several emerging applications, the ability
scenarios in order to reason about the impact of an update (before committin
Example applications include hypothetical database access, active database m
management, to name a few. The central th ...

Keywords: active databases, deltas, execution model for rule application, hyp
state

50 An integrated general purpose automated test environment
Peter A. Vogel

July 1993 ACM SIGSOFT Software Engineering Notes , Proceedings of the 1993 in
and analysis, Volume 18 Issue 3
Full text available: pdf(693.91 KB) Additional Information: full citation, abstract, reference

As software systems become more and more complex, both the complexity of
maintaining the results of that effort increase proportionately. Most existing t
flexibility needed to adequately test significant software systems. The CONVE
discussed as an answer to the need for a more complete and powerful genera

40f7 12/13/03 7:24 PM
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51 A unified version model for configuration management
Andreas Zeller
October 1995 ACM SIGSOFT Software Engineering Notes , Proceedings of the 3rd A
of software engineering, Volume 20 Issue 4
Full text available: ‘@ pdf(1.02 MB) Additional Information: full citation, references, citin

52 A Theory of Safe Locking Policies in Database Systems
Mihalis Yannakakis
July 1982 Journal of the ACM (JACM), Volume 29 Issue 3
Full text available: pdf(1.33 MB) Additional Information: full citation, references, citings, index terms

53 Mining association rules between sets of items in large databases
Rakesh Agrawal, Tomasz Imieli?ski, Arun Swami
June 1993 ACM SIGMOD Record , Proceedings of the 1993 ACM SIGMOD internati
Volume 22 Issue 2
Full text available: T3] pdf(1.08 MB) Additional Information: full citation, abstract, references,

We are given a large database of customer transactions. Each transaction con
visit. We present an efficient algorithm that generates all significant associati
The algorithm incorporates buffer management and novel estimation and pru
applying this algorithm to sales data obtained from a large retailing company
algorithm.

54 Integrating association rule mining with relational database systems: altern
Sunita Sarawagi, Shiby Thomas, Rakesh Agrawal
June 1998 ACM SIGMOD Record , Proceedings of the 1998 ACM SIGMOD internati
Volume 27 Issue 2
Full text available: T} pdf(2.03 MB) Additional Information: full citation, abstract, references,

Data mining on large data warehouses is becoming increasingly important. In
spectrum of architectural alternatives for coupling mining with database syste
loose-coupling through a SQL cursor interface; encapsulation of a mining algo
data to a file system on-the-fly and mining; tight-coupling using primarily use
implementations for processing in the DBMS. We ...
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55 Maintaining state constraints in relational databases: a proof theoretic basi:

William W. McCune, Lawrence J. Henschen
January 1989 Journal of the ACM (JACM), Volume 36 Issue 1

Full text available: T pdf(1.79 MB) Additional Information: full citation, abstract, references, citin

If a relational database is required to satisfy a set of integrity constraints, the
ensure that it continues to satisfy the constraints. It is desirable not to have t
update. A method is described that takes a constraint C and a class of update
class cannot violate C, or produces a formula C' (a complete test) that is satis

56 Semantics of query languages for network databases

Kazimierz Subieta
September 1985 ACM Transactions on Database Systems (TODS), Volume 1

Full text available: pdf(3.71 MB) Additional Information: full citation, abstract, referenc

Semantics determines the meaning of language constructs; hence it says muc
implementing the language. The main purpose of this paper is a formal prese
constructs employed in many database languages (sublanguages). Therefore,
Selection Language) and J (Joins) are introduced, wherein most of the typical
are collected. The semantics of SSL and J are ...

57 A design rule database system to support technology-adaptable applicatior

J. S. Aude, Hillary J. Kahn
July 1986 Proceedings of the 23rd ACM/IEEE conference on Design automatio

Full text available: pdf(722.49 KB) Additional Information: full citation, abstract, references

This paper describes aspects of a CAD system which has been specifically des
applications and to incorporate expert system processes where appropriate. T
use design rules stored in a database to supply technology related information
supported in the database are concerned with different aspects of design, suc
rules are described i ...

58 On the Desirability of Acyclic Database Schemes
Catriel Beeri, Ronald Fagin, David Maier, Mihalis Yannakakis
July 1983  Journal of the ACM (JACM), Volume 30 Issue 3

Full text available: pdf(2.10 MB) Additional Information: full citation, references, citings, index terms
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59 Design issues in a Rule-Based System
Stephen Fickas
June 1985 Pproceedings of the ACM SIGPLAN 85 symposium on Language issues in
18 Issue 7, 6
Full text available: pdf(733.76 KB) Additional Information: full citation, abstract, refer

This paper discusses a language and associated environment for building rule
environment are encapsulated in a system we call ORBS (Oregon Rule Based
focus will be on the interplay between language and environment design. How
include design constraints placed by our program development modell as we
rationalization o ...

60 A database interface for file update
Serge Abiteboul, Sophie Cluet, Tova Milo
May 1985 ACM SIGMOD Record , Proceedings of the 1995 ACM SIGMOD internatio
Volume 24 Issue 2
Full text available: pdf(1.07 MB) Additional Information: full citation, abstract, references,

Database systems are concerned with structured data. Unfortunately, data is

manner (e.g., in files) even when it does have a strong internal structure (e.g
previous paper [2], we focussed on the use of high-level query languages to a
optimization techniques to do so. In this paper, we consider how structured d

database update languages. ...
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~ Application/Control Number: 09/773,101 Page 2

Art Unit: 2121 )
\

DETAILED ACTION

Claim Rejections - 35 USC § 101

1. 35 U.S.C. §101 reads as follows:

Whoever invents or discovers any new and useful process, machine, manufacture, or composition of
matter, or any new and useful improvement thereof, may obtain a patent therefor, subject to the
conditions and requirements of this title.

the invention as disclosed in claims 1-76 is directed to non-statutory subject matter.

2. Claims 1-76 are not claimed to be practiced on a computer, therefore, it is clear
that the claims are not limited to practice in the technological arts. On that basis alone,

they are clearly nonstatutory.

3. Regardless of whether any of the claims are in the technological arts, none of -
them is limited to practical applications in the technological arts. Examiner finds that /n
re Warmerdam, 33 F.3d 1354, 31 USPQ2d 1754 (Fed. Cir. 1994) controls the 35 USC
§101 issues on that point for reasons made clear by the Federal Circuit in AT&T Corp.
v. Excel Communications, Inc., 50 USPQ2d 1447 (Fed. Cir. 1999). Specifically, the

Federal Circuit held that the act of:

...[Tlaking several abstract icieas and manipulating them together adds
nothing to the basic equation. AT&T v. Excel at 1453 quoting In re
Warmerdam, 33 F.3d 1354, 1360 (Fed. Cir. 1994).

Examiner finds that Applicant’s “test case” references are just such abstract ideas.
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4. Examiner bases his position upon guidance provided by the Federal Circuit in In

re Warmerdam, as interpreted by AT&T v. Excel. This set of precedents is within the
same line of cases as the Alappat-State Street Bank decisions and is in complete
agreement with those decisions. Warmerdam is consistent with State Street's holding

that:

Today we hold that the transformation of data, representing discrete dollar
amounts, by a machine through a series of mathematical calculations into a

=

final share price, constitutes a practical application of a mathematical
algorithm, formula, or calculation because it produces ‘a useful, concrete and
tangible result” — a final share price momentarily fixed for recording purposes
and even accepted and relied upon by regulatory authorities and in
subsequent trades. (emphasis added) State Street Bank at 1601.

5. True enough, that case later eliminated the “business method exception” in order
to show that business methods were not per se nonstatutory, but the court clearly did

" not go so far as to make business methods per se statutory. A plain reading of the
excerpt above shows that the Court was very specific in its definition of the new
practical application. It would have been much easier for the court to say that “business
methods were per se statutory” than it was to define the practical application in the case
as “...the transformation of data, representing discrete dollar amounts, by a machine

through a series of mathematical calculations into a final share price...”

6. The court was being very specific.
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7. Additionally, the court was also careful to specify that the “useful, concrete and

tangible result” it found was “a final share price momentarily fixed for recording
purposes and even accepted and relied upon by regulatory authorities and in

subsequent trades.” (i.e. the trading activity is the further practical use of the real world

monetary data beyond the transformation in the computer — i.e., “post-processing
activity”.)

8. Applicant cites no such specific results to define a useful, concrete and tangible
result. Neither does Applicant specify the associated practical application with the kind
of specificity the Federal Circuit used.

9. Furthermore, in the case In re Warmerdam, the Federal Circuit held that:

...[T]he dispositive issue for assessing compliance with Section 101 in this
case is whether the claim is for a process that goes beyond simply
manipulating ‘abstract ideas’ or ‘natural phenomena’ ... As the Supreme
Court has made clear, ‘[a]n idea of itself is not patentable, ... taking several
abstract ideas and manipulating them together adds nothing to the basic
equation. In re Warmerdam 31 USPQ2d at 1759 (emphasis added).
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10.  Since the Federal Circuit held in Warmerdam that this is the “dispositive issue”
when it judged the usefulness, concreteness, and tangibility of the claim limitations in
that case, Examiner in the present case views this holding as the dispositive issue for
determining whether a claim is “useful, concrete, and tangible” in similar cases.
Accordingly, the Examiner finds that.Applicant manipulated a set of abstract “test cases”
to solve purely algorithmic problems in the abstract (i.e., what kind of “test case” is
used? Algebraic word problems? Boolean logic problems? Fuzzy logic algorithms?
Probabilistic word problems? Philosophical ideas? Even vague expressions, about
which even reasonable persons could differ as to their meaning? Combinations
thereof?) Clearly, a claim for manipulation of “test cases” is provably even more abstract
(and thereby less limited in practical application) than pure “mathematical algorithms”
which the Supreme Court has held are per se nonstatutory — in fact, it includes the

expression of nonstatutory mathematical algorithms.

11.  Since the claims are not limited to exclude such abstractions, the broadest

reasonable interpretation of the claim limitations includes such abstractions. Therefore,

the claims are impermissibly abstract under 35 U.S.C. 101 doctrine.
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12.  Since Warmerdam is within the Alappat-State Street Bank line of cases, it takes
the same view of “useful, concrete, and tangible” the Federal Circuit applied in State
Street Bank. Therefore, under State Street Bank, this could not be a “useful, concrete
and tangible result”. There is only manipulation of abstract ideas.

13.  The Federal Circuit validated the use of Warmerdam in its more recent AT&T

Corp. v. Excel Communications, Inc. decision. The Court reminded us that:

_ Finally, the decision in In re Warmerdam, 33 F.3d 1354, 31
USPQ2d 1754 (Fed. Cir. 1994) is not to the contrary. *** The court found
that the claimed process did nothing more than manipulate basic
mathematical constructs and concluded that ‘taking several abstract ideas
and manipulating them together adds nothing to the basic equation’;
hence, the court held that the claims were properly rejected under §101 ...
Whether one agrees with the court’s conclusion on the facts, the holding of
the case is a straightforward application of the basic principle that mere laws
of nature, natural phenomena, and abstract ideas are not within the
categories of inventions or discoveries that may be patented under §101.
(emphasis added) AT&T Corp. v. Excel Communications, Inc., 50
USPQ2d 1447, 1453 (Fed. Cir. 1999).

14.  Remember that in In re Warmerdam, the Court said that this was the dispositive
issue to be considered. In the AT&T decision cited above, the Court reaffirms that this is
the issue for assessing the “useful, cbncrete, and tangible” nature of a set of claims
under 101 doctrine. Accordingly, Examiner views the Warmerdam holding as the
dispositive issue in this analogous case.

15.  The fact that the invention is merely the manipulation of abstract ideas is clear.
The data referred to by Applicant’s phrase “test case” is simply an abstract construct
that does not limit the claims to the transformation of real world data (such as monetary
data or heart rhythm data) by some disclosed process. Consequently, the necessary

conclusion under AT&T, State Street and Warmerdam, is straightforward and clear.
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The claims take several abstract ideas (i.e., “test case” in the abstract) and manipulate
them together adding nothing to the basic equation. Claims 1-76 are, thereby, rejected

under 35 U.S.C. 101.

16.  Regarding the “system” recitals in claims 27 — 45 and 70 — 76 and the presumed
“product of manufacture” claims in claims 14 — 26, the invention is still found to be
nonstatutory. Any other finding would be at variance with current case law. Specifically,

the Federal Circuit held in AT&T v. Excel, 50 USPQ2d 1447 (Fed. Cir. 1999) that:

Whether stated implicitly or explicitly, we consider the scope of
Section 101 to be the same regardless of the form — machine or process
— in which a particular claim is drafted. AT&T v. Excel, 50 USPQ2d 1447,
1452 citing In re Alappat, 33 F.3d at 1581, 31 USPQ2d at 1589 (Rader, J.,
concurring) (emphasis added.)

17. Exéminer considers the scope of Section 101 to be the same regardless of
whether Applicant claims a “procéss”, “machine”, or “product of manufacture”. Whilé
the “system” recitals in the preambles of claims 27 — 45 and 70 — 76 make the claims
ostensibly drawn to be “apparatus” claims, they are insufficient by themselves to limit
the claims to statutory subject matter. Likewise, the presumed attempts to limit claims
14 — 26 to “product of manufacture” claims are insufficient by themselves to limit the
claims to statutory subject matter. Examiner’s position is clearly consistent with Alappat,

and AT&T and is implicitly consistent with Warmerdam and State Street. Accordingly,

those claims are also properly rejected.
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Claim Rejections - 35 USC § 112

The following is a quotation of the first paragraph of 35 U.S.C. 112:

The specification shall contain a written description of the invention, and of the manner and process of
making and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the
art to which it pertains, or with which it is most nearly connected, to make and use the same and shall
set forth the best mode contemplated by the inventor of carrying out his invention.

Claims 1-76 are rejected under 35 U.S.C. 112, first paragraph because current
case law (and accordingly, the MPEP) require such a rejection if a 101 rejection is given
because when Applicant has not in fact disclosed the practical application for the
invention, as a matter of law there is no way Applicant could have disclosed how to

practice the undisclosed practical application. This is how the MPEP puts it:

(“The how to use prong of section 112 incorporates as a matter of law the
requirement of 35 U.S.C. 101 that the specification disclose as a matter of
fact a practical utility for the invention.... If the application fails as a matter of
fact to satisfy 35 U.S.C. § 101, then the application also fails as a matter
of law to enable one of ordinary skill in the art to use the invention under 35
U.S.C. § 112."); Inre Kirk, 376 F.2d 936, 942, 153 USPQ 48, 53 (CCPA
1967) (“Necessarily, compliance with § 112 requires a description of how to
use presently useful inventions, otherwise an applicant would
anomalously be required to teach how to use a useless
invention.”).See, MPEP 2107.01(IV), quoting In re Kirk (emphasis added).

Therefore, claims 1—76 are rejected on this basis.

Conclusion
18.  The prior art made of record and not relied upon is considered pertinent to

applicant's disclosure.
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A. Shasha (U.S. Patent Number 5,809,212; dated 15 September 1998; class 706;

subclass 046) discloses conditional transition networks.

B. White et al (U.S. Patent Number 5,603,031; dated 11 February 1997, class 708;

subclass 317) discloses distributed computation.

C. Dai et al (U.S. Patent Number 5,542,239; dated 19 September 1995, class 703,

subclass 019) discloses implementation of a netlist.

Any inquiry concerning this communication or earlier communications from the
Examiner should be directed to Wilbert L. Starks, Jr. whose telephone number is (703)

305-0027.

Alternatively, inquiries may be directed to the following:

S. P. E. Anil Khatri (703) 305-0282
After-final (FAX) (703) 746-7238
Official (FAX) (703) 746-7239
Non-Official/Draft (FAX) (703) 746-7240

WLS

13 December 2003
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$ . 95000

@ Check Enclosed for Total Fee for this Amendment:
$ 950.00

[X] The Commissioner is hereby authorized to charge any fees which may be required, or credit any
overpayment to Deposit Account 502264.

I hereby certify that this is being deposited with the United States .
Postal Service as First Class Mail in an envelope addressed to: Respectfully submitted,
Mail Stop Fee Amendment, COMMISSIONER FOR PATENTS,

P.0. Box 1450, Alexandria, VA 22313-1450, on June 29, 2004. % g Céé
: Kent B. Chambers
%’C C Z G -29-200Y Attorney for Applicant(s)

Attorney for Applicant(s) Date of Signature Reg. No. 38,839 .

o
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‘IN THE UNITED STATES PATENT AND TRADEMARK OFFI

. JuL 0 9 2004
Applicant(s): Kevin E. Gilpin, et al.
ppiicant(s) P Technology Center 2100

Assignee: Trilogy Development Group

Title: RULE BASED CONFIGURATION ENGINE FOR A DATABASE

Serial No.: 09/773,101 Filed: January 31, 2001

Examiner: Wilbert L. Starks Group Art Unit: 2121

Docket No.: T00011 Customer No.: 33438
Austin, Texas
June 29, 2004

MAIL STOP FEE AMENDMENT

COMMISSIONER FOR PATENTS

P.0. BOX 1450

ALEXANDRIA, VA 22313-1450

RESPONSE TO NON-FINAL OFFICE ACTION
Dear Sir:

This paper is responsive to the Office action dated December 30, 2003, having a
shortened statutory period expiring March 30, 2004. Accompanying this response is a petition
under 37 C.F.R. § 1.136 for extension of time by three (3) months, setting a new time for
response of June 30, 2004. Further examination and reconsideration are respectfully requested in

view of the amendments and remarks set forth below.
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AMENDMENTS TO THE CLAIMS

1. (Currently Amended) A method of+esting using a computer system to test a

product configuration for configuration errors, wherein the product configuration is stored as

electronic data in a_ computer system for generating product configurations, the computer system

including at least one rule defining a relationship between at least two parts, the product
configuration including a plurality of parts, the method comprising:
entering a test case_into the computer system to detect configuration errors in the product

configuration, wherein the test case includes data toselects-at-least-one-part-to-
inelude-in change the product configuration;-and

processing the test case with the computer system in accordance with the at least one rule

to determine-detect whether the change in the product configuration, as a result of
processing the test casé in accordance with the at least one rule, produced a
configuration error-atleast-one-part-selected-in-the-test-case-conflicts-with-the-
plurality-of parts-previously-ineluded in the product configuration; and

generating explanation data with the computer system to provide an explanation of any

detected configuration error in the product configuration.

2. (Currently amended) The method, as set forth in claim 1, wherein processing the

initializing the computer system with a part state;
inputting the-at least one part selection_to change the product configuration; and
listening to state change events in the system to detect when a state change event occurs

that results in the computer system being in the initialized part state.

-20f23-
Serial No. 09/773,101

177



NN LN = VI SR V) L Y N O

B VS N ]

3. (Currently amended) The method, as set forth in claim 2, wherein-processing-the-

a-datermine hatha ha a onae-part-calactad 1n-tha te Q onfl
v a a d a H

data, further includes:

generating a-eause explanation data that explains the part state in terms of the state

change event.

4, (Currently amended) The method, as set forth in claim 3, wherein processing the

generating a new part state for each part associated with the eause change in the product
configuration.

5. (Currently amended) The method, as set forth in claim 4;-wherein processing the

determining the-causes that explain the new part states in terms of the state change event.

6. (Currently amended) The method, as set forth in claim 5; wherein generating

explanation data further eemprisingcomprises:
generating a cause tree wherein the root of the cause tree is the initial part state; and

leaves of the tree are the user’s selections of parts.

7. (Currently amended) The method, as set forth in claim 6 wherein generating’

explanation data comprises; further: iSHRE COmprises:

generating an explanation of the part state wherein the part selections are the root of the

explanation_data and the causes follow from the part selections.

8. (Currently amended) The method, as set forth in claim 71, wherein the

explanation data is based on selection of a part.
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9. (Currently amended) The method, as set forth in claim 71, wherein the

explanation_data is based on execution of a rule.

10. (Currently amended) AThe method, as set forth in claim 71, wherein the

explanation data is based on a part being in two states at the same time.

11.  (Currently amended) The method, as set forth in claim 71, wherein the

explanation data is based on a requires choice rule that cannot be satisfied.

12.  (Currently amended) The method, as set forth in claim 71, wherein the

explanation_data is based on a look ahead process.

13. (Original) The method, as set forth in claim 7, further comprising:
sorting the tree by iteration number, wherein the iteration number of a part state is
determined by measuring the longest distance between the part state and the cause

corresponding to the part state.

14.  (Currently amended) An-article-ofmanufacture A computer program product

having code embodiment therein to cause a processor to test a product configuration for

configuration errors, wherein the product configuration is stored as electronic data in a computer

system, the computer system including at least one rule defining a relationship between at least

two parts, the product configuration including a plurality of parts, the code comprising:

computer readable program code configured to cause a-the computer system to

allow a user to enter a test case_into the computer system to detect
configuration errors in the product configuration, wherein the test case

-40f23-
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includes data to seleets-atleast-one-part-te-inelude-in change the product
configuration;-and .

computer readable program code configured to cause a-the computer system to

process the test case with the computer system in accordance with the at

least one rule to determine- detect whether the change in the product

configuration, as a result of processing the test case in accordance with the

at least one rule, produced a configuration erroratleast-ene-partselected-in-

Ny - 2 N3 ralzia = ded

produet-configuration:; and

computer readable program code configured to cause the computer system to

generate explanation data with the computer system to provide an

explanation of any detected configuration error in the product

configuration.

15.  (Currently amended) The article of ménufacture, as set forth in claim 14, further
including:
computer readable program code configured to cause a-the computer system to initialize
the computer system with a part state;
computer readable program code configured to cause a-the computer system to input the

at least one part selection_to change the product configuration; and

computer readable program code configured to cause a-the computer system to listen to
state change events in the system to detect when a state change event occurs that

results in the system being in the initialized part state.

16.  (Currently amended) The article of manufacture, as set forth in claim 15, further
including: \

computer readable program code configured to cause a-computer the computer system to

generate a-cause explanation data that explains the part state in terms of the state

change event.
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17. (Currently amended) The article of manufacture, as set forth in claim 16, further
including:

computer readable program code configured to cause a-computer the computer system to

generate a new part state for each part associated with the eause change in the

product configuration.

18. . (Currently amended) The article of manufacture, as set forth in claim 17, further
including:

computer readable program code configured to cause a-cemputer the computer system to

determine the-causes that explain the new part states in terms of the state change

event.

19.  (Currently amended) The article of manufacture, as set forth in claim 18, further
comprising: '

computer readable program code configured to cause a-cemputer the computer system to

generate a cause tree wherein the root of the cause tree is the initial part state, and

leaves of the tree are the user’s selections of parts.

20.  (Currently amended) The article of manufacture, as set forth in claim 19, further
comprising:

computer readable program code configured to cause a-computer the computer system to

generate an explanation of the part state wherein the part selections are the root of

the explanation and the causes follow from the part selections.

21.  (Currently amended) The article of manufacture, as set forth in claim Q-OH,

wherein the explanation data is based on selection of a part.

22. (Currently amended) The article of manufacture, as set forth in claim 2614,

wherein the explanation data is based on execution of a rule.
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23.  (Currently amended) The article of manufacture, as set forth in claim 2014,

wherein the explanation_data is based on a part being in two states at the same time.

24.  (Currently amended) The article of manufacture, as set forth in claim 2014,

wherein the explanation data is based on a requires a choice rule that cannot be satisfied.

25. (Currently amended) The article of manufacture, as set forth in claim 2014,

wherein the explanation data is based on a look ahead process.

26.  (Currently amended) The article of manufacture, as set forth in claim 20, further
comprising:

computer readable program code configured to cause a-computer the computer system to

sort the tree by iteration number, wherein the iteration number of a part state is
determined by measuring the longest distance between the part state and the cause

corresponding to the part state.

27.  (Currently amended) An apparatus for testing a product configuration for

configuration errors generated by a product configuration system, comprising:

a memory having stored therein at least one rule defining a relationship between at least

two parts in the product configuration;

a test case to detect configuration errors in the product configuration, wherein the test
case includes data to change the product configuration pertaining-to-atleast-one-
part-to-inelude-inthe-product-configuration; and

a processor coupled to_ the memory to (a) process-reeeive the at least one rule and the test

case, wherein-the-processor-is-operable-to-determine-(b) detect whether the_change

in the product configuration, as a result of processing the test case in accordance

with the at least one rule, produced a configuration error-atleast-one-part-in-the-

configuration-according to-the-atleast-enerule and (c) generate explanation data

to provide an explanation of any detected configuration error in the product

configuration.
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28.  (Currently amended) The apparatus, as set forth in claim 27, wherein the
processor is further operable to:
initialize the configuration system with a part state;

to input the at least one part selection_to change the product configuration;

to listen to state change events in the system; and
to detect when a state change event occurs that results in the configuration system being

in the initialized part state.

29.  (Currently amended) The apparatus, as set forth in claim 28, wherein the
processor is further operable to:

generate a-eause explanation data that explains the part state in terms of the state change

event.

30.  (Currently amended) The apparatus, as set forth in claim 29, wherein the
processor is further operable to:

generate a new part state for each part associated with the eause change in the product

configuration.

31.  (Original) The apparatus, as set forth in claim 30, wherein the processor is further
operable to:
generate a cause tree wherein the root of the cause tree is the initial part state, and leaves

of the tree are the user’s selections of parts.

32.  (Original) The apparatus, as set forth in claim 30, wherein the processor is further
operable to:
generate an explanation of the part state wherein the part selections are the root of the

explanation and the causes follow from the part selections.

33.  (Currently amended) The apparatus, as set forth in claim 3227, wherein the

explanation_data is based on execution of a rule.
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34.  (Currently amended) The apparatus, as set forth in claim 32 27, wherein the

explanation_data is based on a part being in two states at the same time.

35.  (Currently amended) The apparatus, as set forth in claim 32 27, wherein the

explanation data is based on a requires a choice rule that cannot be satisfied.

36.  (Currently amended) The apparatus, as set forth in claim 32 27, wherein the

explanation_data is based on a look ahead process.

37.  (Original) The apparatus, as set forth in claim 30, wherein the processor is further
operable to: ‘
sort the tree by iteration number, wherein the iteration number of a part state is ‘
determined by measuring the longest distance between the part state and the cause

corresponding to the part state.

38.  (Canceled).

39.  (Currently amended) The configuration-system-of claim 38 apparatus as set forth

in claim 27, wherein the test case further includes the-a product selection.

40.  (Currently amended) The configuration-system ofelaim-38 apparatus as set forth
in claim 27 wherein the product configuration comprises;further-comprising: at least one vector,

~wherein said vector comprises a bit field, further wherein the bit field comprises bits that

represent elements in a configuration.

41.  (Currently amended) The eeaﬁgw—aﬁeﬂ-sysﬁem—ef—elam apparatus as set forth in

claim 40, wherein the number of bits in the bit field is equal to the total number of elements and

an element’s bit can be set or reset to specify that state of the element in the configuration.
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42.  (Currently amended) The eenfiguration-system-ofelaim apparatus as set forth in

claim 40, wherein the vector specifies whether an element has been selected by the user during

the configuration.

43.  (Currently amended) The eenfiguration-system-of-elaim apparatus as set forth in

claim 40, wherein excluded vectors identify whether an element is excluded from a

configuration.

44.  (Currently amended) The eonfiguration system-ofelaim apparatus as set forth in

claim 40, wherein removed vectors identify whether an element is removed from a configuration.

45.  (Currently amended) The eenfiguration-system-of-claim apparatus as set forth in

claim 40, wherein the vector identifies whether an element is selectable.

46.  (Currently Amended) A-databaseThe apparatus as set forth in claim 40 further

comprising:

a database having at least one table, wherein said table represents relationships between

elements in a configuration; and having at lease- least one modified rule, wherein

the rule is modified based on the results of testing a product selection.

47.  (Currently amended) The database-ofelaim apparatus as set forth in claim 46,

wherein said table represents “includes” relationships between elements in a configuration.

48.  (Currently amended) The database-ofelaim apparatus as set forth in claim 46,

wherein said table represents “excludes™ relationships between elements in a configuration.

49.  (Currently amended) The database-efelaim apparatus as set forth in claim 46,

wherein said table represents “removes” relationships between elements in a configuration.
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50.  (Currently amended) The database-efelaim apparatus as set forth in claim 46,

wherein said table represents “requires choice” relationships between elements in a

configuration.

51.  (Currently amended) The database-efelaim apparatus as set forth in claim 50,

wherein the representation of “requires choice” relationships includes a pointer to a group table
that includes a bit vector that identifies the elements that are contained in the group from whicha

choice is to be made.

52. (Currently amended) The database-ef-elaim apparatus as set forth in claim 50,
wherein the representation of “requires choice” relationships includes minimum and maximum
designations to identify the minimum and maximum number of group members that are to be

selected to satisfy the “requires choice” relationship.

53.  (Currently amended) The database-ef-elaim apparatus as set forth in claim 46,

Wherein said table includes a left-hand side and a right-hand side.

54.  (Currently amended) The database-ofelaim apparatus as set forth in claim 53,

wherein the left-hand side includes a bit vector that contains bits corresponding to elements.

55.  (Currently amended) The database-ofelaim apparatus as set forth in claim 53,

wherein the right-hand side includes one or more bit vectors that represent configuration

elements.

56.  (Currently amended) The apparatus as set forth in claim 27 wherein the test case

further comprises data representing A-test-case-for-testing-a-product-configuration-generated-by-a-
i q . ’ sing:

a product selection;

at least one part selection; and

an expected state of the selected part based on one or more rules.
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57.  {Currently amended meth iden gan-invalid-configy g ate
by-a-product-configuration-system;-comprising: The method as set forth in claim 1 wherein the
test case further comprises data to:

seleeting- select a product;

seleeting- select at least one part; and

generating-generate a part state of the selected part based on one or more rules.

58. (Canceled).
59. (Canceled).
60.  (Canceled).

61.  (Original) The method as set forth in claim 57, further comprising:

determining whether the product is selectable.
62. (Canceled).

63.  (Original) The method as set forth in claim 57, further comprising:
reporting the state of the product as not selectable when selection of the product would

conflict with the rule.

64.  (Original) The method as set forth in claim 57, further comprising:

determining sets of parts that are excluded or deleted based on the product.

65.  (Currently amended) The method as set forth in claim 57, further comprising:
detecting when a state change event occurs that results in the computer system being in

the initialized part state.
66.  (Canceled). <
67.  (Canceled).
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68.  (Canceled).

69.  (Canceled).

70.  (Currently amended) An apparatus for testing a product configuration_for

configuration errors generated by a computer implemented product configuration system,

comprising:

means for defining a relationship between at least two parts in the product configuration;

means for defining a test case for-atleast-one-part-to-include-in-the-product-configuration_

to detect configuration errors in the product configuration, wherein the test case

includes data to change the product_configuration;-and

means for processing the test case with the product configuration system in accordance

with the at least one rule to detect whether the change in the product

configuration, as a result of processing the test case in accordance with the

relationship between at least two parts in the product configuration, produced a

configuration error in the product configuration: and

means for generating explanation data with the product configuration system to provide

an explanation of any detected configuration error in the product configuration.

71.  (Currently amended) The apparatus, as set forth in claim 70, further comprising:
means for initializing the configuration system with a part state;

means for detecting a state change event in the configuration system; and

means for detecting when a state change event occurs that results in the configuration

system being in the initialized part state.

72.  (Original) The apparatus, as set forth in claim 71, further comprising:
means for generating a cause that explains the part state in terms of the state change

event.
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73.  (Original) The apparatus, as set forth in claim 72, further comprisihg:

means for generating a new part state for each part associated with the cause.

74.  (Original) The apparatus, as set forth in claim 73, further comprising;:
means for generating a cause tree, wherein the root of the cause tree is the initial part

state, and leaves of the tree are the user’s selections of parts.

75.  (Original) The apparatus, as set forth in claim 73, further comprising: -
means for generating an explanation of the part state, wherein the part selections are the

root of the explanation and the causes follow from the part selections.

76.  (Original) The apparatus, as set forth in claim 70, further comprising:
means for modifying the at least one rule when the test case conflicts with the plurality of

parts previously included in the product configuration.

77. (New) The method, as set forth in claim 1, wherein the test case further includes
data to select at least one part to include in the product configuration and processing test case
further comprises: ‘ ’

processing the at least one rule to determine whether the at least one part selected in the

test case conflicts with the plurality of parts previously included in the product

configuration.

78.  (New) The computer program product, as set forth in claim 14, wherein the test
case further includes data to select at least one part to include in the product configuration and
the computer readable program code configured to cause the computer system to process the test
case further comprises: ‘

computer readable code to process the at least one rule to determine whether the at least

one part selected in the test case conflicts with the plurality of parts previously

. included in the product configuration.
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79. (New) The apparatus, as set forth in claim 27, wherein the test case further
pertains to including at least one part in the product configuration and the processor is further
operable to:

determine whether the at least one part in the test case conflicts with the plurality of parts

previously included in the product configuration according to the at least one rule.

80. (New) The apparatus, as set forth in claim 70, wherein the test case is further
defined to include at least one part in the product configuration and the means for processing the
test case includes:

means for determining whether the at least one part in the test case conflicts with the
plurality of parts previously included in the product configuration according to the at least one

rule.
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REMARKS

Claims 1-76 are pending.
Claims 1-76 stand rejected.
Claims 1-12, 14-30, 33-36, 39-57, 65, and 70-71 have been amended.

Claims 38, 58-60, 62, and 66-69 have been cancelled without prejudice or disclaimer of

the subject matter recited therein.
Claims 77-80 have been added.
Claim Rejections - 35 U.S.C. § 101

Claims 1-76 stand rejected under 35 U.S.C. § 101 as directed to non-statutory subject
matter. The Office Action on p. 2, para. 2 states that “Claims 1-76 are not claimed to be
practiced on a computer, therefore, it is clear that the claims are not limited to practice in the
technological arts. On that basis alone they are clearly non-statutory.” The Office Action on p-
2, para. 3 states that “Regardless of whether any of the claims are in the technoldgical arts, none

* of them is limited to practical applications in the technological arts.”

In light of the amendments to the claims and the remarks set forth herein, Applicants

respectfully traverse the rejection.

The Federal Circuit in AT&T affirmed that “A mathematical formula alone, sometimes
referred to as a mathematical algorithm, viewed in the abstract, is considered unpatentable

subject matter.” AT&T v. Excel Communications, Inc., 50 U.S.P.Q.2d 1447 (Fed. Cir. 1999)

(emphasis added). The Federal Circuit explained that the Supreme Court “never intended to
create an overly broad, fourth category of [mathematical] subject matter excluded from § 101.”
In re Alappat, 31 USPQ2d 1545 (Fed. Cir. 1994). “Rather, at the core of the Court's analysis . . .
lies an attempt by the Court to explain a rather straightforward concept, namely, that certain
types of mathematical subject matter, standing alone , represent nothing more than abstract ideas

until reduced to some type of practical application, and thus that subject matter is not, in and of
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itself, entitled to patent protection.” Id., 31 USPQ2d 1545 (Fed. Cir. 1994) (emphasis added).
“Thus, the Alappat inquiry simply requires an examination of the contested claims to see if the
claimed subject matter as a whole is a disembodied mathematical concept representing nothing
more than a "law of nature" or an "abstract idea," or if the mathematical concept has been
reduced to some practical application rendering it "useful." AT&7, 50 U.S.P.Q.2d 1447 (Fed.
Cir. 1999) (emphasis added). For example, in AT&T the Federal Circuit cited State Street as an

example of a “claimed data processing system for implementing a financial management
structure [that] satisfied the § 101 inquiry because it constituted a “practical application of a
mathematical algorithm, . . . [by] produc[ing] a useful, concrete and tangible result.” AT&T, 50
U.S.P.Q.2d 1447 (Fed. Cir. 1999), citing, State Street Bank & Trust Co. v. Signature Fin. Group,
Inc. , 47 USPQ2d 1596, 1602 (Fed. Cir. 1998), cert. denied, 119 S. Ct. 851 (1999).

The Examiner rejected claims 1-76 under 35 U.S:C. § 101 because the claims are “not
limited to practice in the technological arts” and “none of them is limited to practical
applications in the technological arts.” Office Action, p. 2, paras. 2-3. More specifically, the
Examiner “finds that Applicant’s “test case” references are just such abstract ideas.” Id., para. 3.
The Examiner also stated that “Applicant cites no such specific results to define a useful,
concrete and tangible result.” Id., para. 7. “Neither does Applicant specify the associated
practical application with the kind of specificity the Federal Circuit used.” Id. The Examiner
further stated that “the Examiner finds that Applicant manipulated a set of abstract “test cases” to
solve purely algorithmic problems in the abstract (i.e. what kind of “test case” is used)?” The

Examiner also stated that “Since the claims are not limited to exclude such abstractions, the

broadest reasonable interpretation of the claim limitations includes such abstractions.” Id., para.

11. “Therefore, the claims are impermissibly abstract under 35 U.S.C. § 101 doctrine.” Id.

As explained below, Applicants respectfully submit that the claims of the present
application meet the statutory requirements of 35 U.S.C. § 101. Applying Federal Circuit law to
the subject matter of the claims of the present application, to determine if the claims are non-
statutory under 35 U.S.C. § 101 first “requires an examination of the contested claims to see if
the claimed subject matter as a whole is a disembodied mathematical concept representing
nothing more than a "law of nature" or an "abstract idea," or if the mathematical concept has

been reduced to some practical application rendering it "useful." AT&T, 50 U.S.P.Q.2d 1447
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(Fed. Cir. 1999). The Examiner has asserted that “Applicant’s “test case” references are just-
such abstract ideas.” Initially, Applicants respectfully submit that “test cases” are not merely
abstract ideas. The Examiner asked “what kind of “test case” is used?” prior to stating that
“Since the claims are not limited to exclude such abstractions, the broadest reasonable

interpretation of the claim limitations includes such abstractions.” Office action, paras. 10-11.

This appears to be a question of scope outside the sphere of 35 U.S.C. § 101. The specification
provides illustrative support for the term “test case”, and the independent claims recite a specific
type of test case, i.e. “a test case ... to detect configuration errors in the product configuration.”
Furthermore, the recited test case “includes data to change the product configuration.” Claims 1,
14,27, and 70. (Note: the present invention is limited by the claims and not by specific

embodiments set forth in the description). Thus, the “test case” is not an abstract idea.

Even assuming arguendo that “test case” is an abstract idea, under Federal Circuit law
that does not make a claim per se non-statutory under 35 U.S.C. § 101. The correct inquiry is
whether the “claimed subject matter as a whole is a disembodied mathematical concept

representing nothing more than a "law of nature" or an "abstract idea," or if the mathematical

concept has been reduced to some practical application rendering it "useful." AT&T, 50
U.S.P.Q.2d 1447 (Fed. Cir. 1999) (emphasis added). The Supreme Court in Diamond v. Diehr

explicitly distinguished Diehr's process by pointing out that "the respondents here do not seek to

patent a mathematical formula. Instead, they seek patent protection for a process of curing
synthetic rubber." Diamond v. Diehr, 450 U.S.175, 187 (1981). “The Court then explained that
- although the process used a well- known mathematical equation, the applicants did not "pre-empt
the use of that equation." AT&T, 50 U.S.P.Q.2d 1447 (Fed. Cir. 1999), citing Diehr,45U.S. at
187. “Thus, even though a mathematical algorithm is not patentable in isolation, a process that
applies an equation to a new and useful end "is at the very least not barred at the threshold by §
101." AT&T, 50 U.S.P.Q.2d 1447 (Fed. Cir. 1999), citing Diehr, 45 U.S. at 188. Likewise, the
claims of the present application do not seek to patent a “test case” in isolation, i.e. in the
abstract, and, thus, do not claim “a disembodied mathematical concept.” AT&T, 50 U.S.P.Q.2d
1447 (Fed. Cir. 1999). To the contrary, rather than claiming a test case in the abstract,
independent claims 1, 14, 27, and 70 recite a specific test case in the context of processes (claim

1) and components (claims 14, 27, and 70) to “test a product configuration for configuration
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errors,” “detect a configuration error”, and “generat[e] explanation data.” Specifically, claim 1

recites:

A method of using a computer system to test a product configuration for
configuration errors, wherein the product configuration is stored as electronic data
in a computer system for generating product configurations, the computer system
including at least one rule defining a relationship between at least two parts, the
product configuration including a plurality of parts, the method comprising:

entering a test case into the computer system to detect
configuration errors in the product configuration, wherein the test case
includes data to change the product configuration; '

processing the test case with the computer system in accordance
with the at least one rule to detect whether the change in the product
configuration, as a result of processing the test case in accordance with the
at least one rule, produced a configuration error in the product
configuration; and

generating explanation data with the computer system to provide
an explanation of any detected configuration error in the product
configuration. (emphasis added).

Claim 14 recites:

A computer program product having code embodiment therein to cause a
processor to test a product configuration for configuration errors, wherein the
product configuration is stored as electronic data in a computer system, the
computer system including at least one rule defining a relationship between at
least two parts, the product configuration including a plurality of parts, the code
comprising:

computer readable program code configured to cause the computer
system to allow a user to enter a test case into the computer system to
detect configuration errors in the product configuration, wherein the test
case includes data to change the product configuration;

computer readable program code configured to cause the computer
system to process the test case with the computer system in accordance
with the at least one rule to detect whether the change in the product
configuration, as a result of processing the test case in accordance with the
at least one rule, produced a configuration error; and

computer readable program code configured to cause the computer
system to generate explanation data with the computer system to provide
an explanation of any detected configuration error in the product
configuration. (emphasis added).

Claim 27 recites:

-190f23 -
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An apparatus for testing a product configuration for configuration errors
generated by a product configuration system, comprising:

a memory having stored therein at least one rule defining a
relationship between at least two parts in the product configuration;

a test case to detect configuration errors in the product
configuration, wherein the test case includes data to change the product
configuration; and

a processor coupled to the memory to (a) process the at least one
rule and the test case, (b) detect whether the change in the product
configuration, as a result of processing the test case in accordance with the
at least one rule, produced a configuration error and (c) generate
explanation data to provide an explanation of any detected configuration
error in the product configuration. (emphasis added).

Claim 70 recites:

An apparatus for testing a product configuration for configuration errors
generated by a computer implemented product configuration system, comprising:

means for defining a relationship between at least two parts in the
product configuration;

means for defining a test case to detect configuration errors in the
product configuration, wherein the test case includes data to change the
product configuration; and _

means for processing the test case with the product configuration
system in accordance with the at least one rule to detect whether the
change in the product configuration, as a result of processing the test case
in accordance with the relationship between at least two parts in the
product configuration, produced a configuration error in the product
configuration; and

means for generating explanation data with the product
configuration system to provide an explanation of any detected
configuration error in the product configuration. (emphasis added).

Furthermore, each of independent claims provide “a new and useful en&l” and, thus, are
not barred by 35 U.S.C. § 101. quoting Diehr, 45 U.S. at 188. Claim 1 recites specific processes
that produce a new, useful, concrete, and tangible end:

processing the test case with the computer system in accordance

with the at least one rule to detect whether the change in the product
configuration ... produced a configuration error in the product

configuration; and

generating explanation data with the computer system to provide
an explanation of any detected configuration error in the product
configuration. (emphasis added).
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Claim 14 recites specific computer readable program code that produces a new, useful,
concrete, and tangible end:

... to process the test case with the computer system in accordance
with the at least one rule to detect whether the change in the product
configuration, as a result of processing the test case in accordance with the
at least one rule, produced a configuration error; and

... to cause the computer system to generate explanation data with
the computer system to provide an explanation of any detected
configuration error in the product configuration. (emphasis added).

Claim 27 recites specific components that produce a new, useful, concrete, and tangible
end:

... a processor coupled to the memory to (a) process the at least
one rule and the test case, (b) detect whether the change in the product
configuration ... produced a configuration error and (c) generate
explanation data to provide an explanation of any detected configuration
error in the product configuration. (emphasis added).

Claim 70 also recites specific components that produce a new, useful, concrete, and
tangible end:

means for processing the test case with the product configuration
system in accordance with the at least one rule to detect whether the
change in the product configuration ... produced a configuration error in
the product configuration; and

means for generating explanation data with the product
configuration system to provide an explanation of any detected
configuration error in the product configuration. (emphasis added).

Thus, the claims of the present invention “test a product configuration for configuration
errors” using processes and components that provide a new and useful end and have practical
application, which conforms with the statutory requirements of 35 U.S.C. § 101 as supported by

Federal Circuit case law.

Applicants respectfully submit that claims dependent upon independent claims 1, 14, 27,
or 70, directly or indirectly, meet the statutory requirements of 35 U.S.C. § 101 for at least the

same reasons as the independent claim upon which each depends.

Accordingly, withdrawal of the 35 U.S.C. § 101 rejection is respectfully requested.
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Claim Rejections - 35 U.S.C. § 112

“Claims 1-76 are rejected under 35 U.S.C. § 112, first paragraph because current case law

(and accordingly, the MPEP) require such a rejection if a 101 rejection is given.” Office action,

p. 8.

Since the basis for the 35 U.S.C. § 112, first paragraph rejection is essentially the same as
the rejection under 35 U.S.C. § 101, Applicants respectfully request withdrawal of the 35 U.S.C.
§ 112, first paragraph rejection for at least the same reasons as those presented pursuant to the 35
-U.S.C. § 101 rejection.
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CONCLUSION

In view of the amendments and remarks set forth herein, the application is believed to be

in condition for allowance and a notice to that effect is solicited. Nonetheless, should any issues

remain that might be subject to resolution through a telephonic interview, the examiner is

requested to telephone the undersigned.

I hereby certify that this correspondence is being deposited with
the United States Postal Service as First Class Mail in an envelope
addressed to: Mail Stop Fee Amendment, COMMISSIONER
FOR PATENTS, P.O. Box 1450, Arlington, VA 22313-1450, on
June 29, 2004.

W J—u.,;c_ 29, 2007

Attorney for Applicant(s) Date of Signature

Respectfully submitted,

i g o

Kent B. Chambers
Attorney for Applicant(s)
Reg. No. 38,839
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MAIL STOP FEE AMENDMENT
COMMISSIONER FOR PATENTS
P.O. Box 1450
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PETITION FOR EXTENSION OF TIME
Dear Sir:

Applicants respectfully petition for a three (3) month extension of time within which to
respond to the December 30, 2003, outstanding Office Action, such extension allowing the
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. Application w Applicant(s)

. o 09/773,101 GILPIN ET AL.
Notice of Allowability Examiner Art Unit
Wilbert L. Starks, Jr. 2121

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. XJ This communication is responsive to the amendment filed 01 July 2004.

2. X The allowed claim(s) is/are 1-37,39-57.61,63-65 and 70-80.

3. [X] The drawings filed on 01 July 2004 are accepted by the Examiner.

4. [] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)[] Al b)[JSome* c)[]None ofthe:
1. [] Certified copies of the priority documents have been received.
2. [] Certified copies of the priority documents have been received in Application No. ____
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).
* Certified copies not received:

Applicant has THREE MONTHS FROM THE “MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. ] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

6. [ ] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) [0 including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [] to Paper No./Mail Date ______.
(b) [ including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./MailDate ______.

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

7. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1. [ Notice of References Cited (PTO-892) 5. [] Notice of Informal Patent Application (PTO-152)
| 2. [] Notice of Draftperson’s Patent Drawing Review (PTO-948) 6. [] Interview Summary (PTO-413),
Paper No./Mail Date .
3. [ Information Disclosure Statements (PTO-1449 or PTO/SB/08), 7. [ Examiner's Amendment/Comment
Paper No./Mail Date
4. [] Examiner's Comment Regarding Requirement for Deposit 8. [X] Examiner's Statement of Reasons for Allowance
of Biological Material 9. [] Other .

Wilbert L. Starks, Jr.
Primary Examiner
Art Unit: 2121

U.S. Patent and Trademark Office
PTOL-37 (Rev. 1-04) Notice of Allowability Part of Paper No./Mail Date 10
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Application/Control Number: 09/773,101 Page 2
Art Unit: 2121

DETAILED ACTION

Reasons For Allowance

1. Claims 1-37, 39-57, 61, 63-65, and 70-80 are allowed.

2. The following is an Examiner's statement of reasons for allowance:

The cited prior art taken alone or in combination fails to teach the claimed
invention of a rule based configuration engine, as claimed by Applicant. Specifically,
independent claims 1, 14, 27, and 70 disclose the use of a'computer system to test an

electronically stored product configuration for errors.

The closest prior art of Dai et al (U.S. Patent Number 5,542,239; dated 19
September 1995; class 703; subclass 019) teaches the implementation of a netlist but
fails to teach or suggest the use of a computer system to test an electronically stored
product configuration for errors. To the extent that this feature is not found in the prior

art cited by Examiner, the present case is held allowable over the art of record.

Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled "Comments on

Statement of Reasons for Allowance."
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Application/Control Number: 09/773,101 Page 3
Art Unit: 2121

Conclusion

Any inguiry concerning this communication or earlier communications from the
Examiner should be directed to Wilbert L. Starks, Jr. whose telephone number is (703)

305-0027.

Alternatively, inquiries may be directed to the following:

S. P. E. Anthony Knight (703) 308-3179
After-final (FAX) (703) 746-7238
Official (FAX) (703) 746-7239
Non-Official/Draft (FAX) (703) 746-7240
WLS

08 August 2004
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Issue C 09/773,101 GILPIN ET AL.
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Wilbert L. Starks,rJr. 2121

ks,

D Claims renumbered in the same order as presented by applicant | [] CPA [JTD. [1R.1.47
s | £ 5 | £ 5 | 2 5 | £ 5 | & s | £ T | £
£ |2 £ | o £ | o (= (=) £ o c | @ c | ©
(' 6 w 5 w 6 w 6 w 'O— w 5 L 6
1 1 38 | 31 15 | 61 91 121 151 181
2 2 39 | 32 62 92 122 152 182
3 3 41 33 16 | 63 93 123 163 183
4 4 42 | 34 17 | 64 94 124 154 184
5 5 43 | 35 18 | 65 95 125 155 185
6 6 44 36 66 96 126 156 186
7 7 40 37 67 97 127 157 187
9 8 38 68 98 128 158 188
10 9 45 | 39 69 99 129 159 189

11 | 10 46 | 40 64 | 70 100 130 160 190
12 1 47 | # 165 | 71 101 131 161 191
13 | 12 48 | 42 66 | 72 102 132 162 192
8 13 49 | 43 67 | 73 103 133 163 193
20 | 14 50 | 44 68 | 74 104 134 164 194
21 | 15 51 45 69 | 75 105 135 165 195
22 | 16 52 | 46 70 | 76 106 136 166 196
23 | 17 53 | 47 19 | 77 107 137 167 197
24 | 18 54 | 48 33 | 78 108 138 168 198
25| 19 55 | 49 63 | 79 109 139 169 199
26 | 20 56 [ 50 71 80 110 140 170 200
28 | 21 57 | 51 81 111 141 171 201
29 | 22 58 | 52 82 112 142 172 202
30 { 23 59 | 53 83 113 143 173 203
31| 24 60 [ 54 84 114 144 174 204
32| 25 61 55 85 115 145 175 205
27 | 26 62 | 56 86 116 146 176 206
34 | 27 14 | 57 87 117 147 177 1207
35| 28 58 88 118 148 178 208
36 | 29 59 89 119 149 179 209
37 | 30 60 90 120 150 180 210
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SE BTN, PART B - FEE(S) TRANSMITTAL

N Y R
//C("@;}mplete and %nd this form, together with applicable fee(s), to: Mail ~ Mail Stop ISSUE FEE
) - Commissioner for Patents . -
f NGV 15 2004 ¢ P.O. Box 1450 e
Alexandria, Virginia 22313-1450

or Fax  (703) 746-4000

SERUCTIO] is form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if requir.ed{; Blocks 1 through S should be completed where
ap) ropx;iﬁ_"fr_iml« urther correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated un gss coxjrte_:ctegl below or directed otherwise in Block I, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying

33438 7590 08/13/2004 ﬂ:ggrisisEoﬁg 23;33222&'&“&22’1&‘?25‘&%‘2&?22‘?32 ent o formal drawing, must
HAMILTON & TERRILE, LLP Certificate of Mailing or Transmission
P.0. BOX 203513 Lbcrcy ceuy Wi Fesg) Trnamita s bing dgoiod wih e Usied
AUSTIN, TX 78720 e e T B01> THedobs, o the i icied b
11/16/2004 WMBEYENE2 00000103 09773101 Kent B. Chambors Deposkors )
01 FC:1501 1370.00 0P Q’//’é@&‘ (Signature)
=1 /—200Y (Daie)
[ appLicaTION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | conFirmaTION NOJ
09/773,101 01/31/2001 Kevin E. Gilpin M-7822 US 5458
TITLE OF INVENTION: RULE BASED CONFIGURATION ENGINE FOR A DATABASE
| APPLN. TYPE | smaLenTiTY | ISSUE FEE | PUBLICATION FEE |  TOTAL FEE(S) DUE | DATEDUE |
nonprovisional NO $1330 $0 $1330 11/15/2004
[ EXAMINER | ART UNIT l CLASS-SUBCLASS ]
STARKS, WILBERT L 2121 706-001000

1. Chanfﬁezsf correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list

CFR1 (1) the names of up to 3 registered patent attorneys
O Change of correspondence address (or Change of Correspondence or agents OR, alternatively,

Address form PTO/SB/122) attached. (2) the name of a single firm (having as a member a

Hamilton & Terrile, LLP
,Kent B. Chambers

Q "Fee Address" indication (or "Fee Address” Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no nameis 3
Number is required. listed, no name will be printed.

w

. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assir%nee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
Trilogy Development Group, Inc. Austin, Texas
Please check the appropriate assignee category or categories (will not be printed on the patent); Q individual B corporation or other private group entity Q government
4a. The following fee(s) are enclosed: 4b. Payment of Fee(s):
XX issue Fee XKA check in the amount of the fee(s) is enclosed.
Q Publication Fee (No small entity discount permitted) O Payment by credit card. Form PTO-2038 is attached.
Q Advance Order - # of Copies XKThe Director is hereby a j charge the required fee(s), or credit any overpayment, to
P Deposit Account Number gg’ﬁ g 2}' (enclose an extra copy of thxys fon$.

5. Change in Entity Status (from status indicated above)
0 a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. Qb. Applicant is not claiming SMALL ENTITY status. See, e.g., 37 CFR 1.27(g)(2).

The Director of the USPTO is requested to apply the Issue Fee and Publication Fee (if any) or to re-apply any previously paid issue fee to the application identified above.

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

S P e Y7
v, [/, 200Y%

This collection of information is required by 37 CFR 1.311. The information is re_[%:lired to obtain or retain a benefit bi the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. Thi minutes to complete, including gathering, preparing, and

is collection is estimated to take 1

submitting the completed application form to the USPTO. Time will v déggndin% upon the individual case. Any comments on the amount of time you require to com%lcte

this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.

Rc])x 1430_, A\l,qxap 'ng,z ;/;r iri282313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
exandria, Virginia - .

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

TRANSMIT THIS FORM WITH FEE(S)

PTOL-85 (Rev. 07/04) Approved for use through 04/30/2007. OMB 0651-0033  U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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Case 2:20-cv-00018-JAK-MRW Document 4 Fied 10/01/20 Page 1 of 1 Page iD #3304

AO 120 (Rev. 08/10)

TO: Mail Stop 8 REPORT ON THE
) Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK
In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the U.S. District Court USDC - Central District of California (Western Division) on the following
[ Trademarks or [A Patents. ( [J the patent action involves 35 U.S.C. § 292.):
DOCKET NO. DATE FILED U.S. DISTRICT COURT
USDC - Central District of California (Western Division)
PLAINTIFF DEFENDANT
Versata Software, Inc. f/k/a Trilogy Software, Inc. and Configit A/S
Versata Development Group, Inc.
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1 6,836,766 12/28/2004 Versata Development Group, Inc.
2 10,360,612 7/23/2019 Versata Development Group, Inc.
3
4
5
In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
[ Amendment [ Answer [ Cross Bill [ Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1
2
3
4
5

In the above—entitled case, the following decision has been rendered or judgement issued:

DECISION/JUDGEMENT

CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director ~Copy 3—Upon termination of action, mail this copy to Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director Copy 4—Case file copy
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