1 EXTENSI BLE MODEL NETWORK REPRESENTATI ON SYSTEM FOR PROCESS PLANNI NG The
invention relates in general to the field of process planning. Mre
particularly, the invention relates to an extensi ble nodel system
architecture for integrated material and capacity planning, and integrated

factory and diwdbiépdgg on pl anni ng. Manufacturers and distri bg&p,%%?,g‘ﬂ)’git to
time critical production and delivery of goods as a regular part of their

busi ness. Oten, the manufacturing and distribution process is conplex,
having many different material and capacity constraints that simultaneously
affect the inplenmentation of the process. Due to the conplexity of the
processes, many different software tools have been devel oped to help

manuf acturers and

EXTENSIBLE MODEL NETWORK REPRESENTATION
SYSTEM FOR PROCESS PLANNING

TECHNICAL FIELD OF THE INVENTION
This invention relates in general to the field of
5 process planning. More particularly, the invention
relates to an extensible model system architecture for
integrated material and capacity planning, and integrated
factory and distribution planning.
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di stributors plan. Mbst such tools only address narrow parts of the overal
pl anni ng process. Several unrelated tools may be required to fully plan a
process. International application W91/17494 describes a conputer system
for dynam cally nodeling information systens of organisations. The system
I ncl udes a pl g' of editors which enable a user to inter ] he
system and an%gglg@%V% w ndow system The conputer systen1pr€§@%§%h§w£

i nformati on nodeller, a process nodeller, a flnction nodeller and a | ogic
nodel | er for creating, anal ysi ng and nDdifying design data associated with
each nodeller. The systemalso includes a filter for creating a subset of a
nodel established by the nDdeIIer The nodel |l ers are dynam cal ly
interlinked so thasa NUENPDOKat a set will affect a

COfLepoPd' ng change 'mﬂmcﬁ%kgnaﬂataléeéﬁbué&sA&m&a% 848tégecribes a
et hod o 0pt|n15|ngltlénq préﬂ&g€ioﬁeghg delivery of goods as a regular
part of their business. Often, the manufacturing and
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5 distribution process is complex, having many different
material and capacity constraints that simultaneously
affect the implementation of the process. Due to the
complexity of the processes, many different software
tools have been developed to help manufacturers and

10 distributors plan. Most such tools only address narrow
parts of the overall planning process. Several unrelated
tools may be required to fully plan a process.
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manuf acturi ng system The system provides a quantitative state-space node
of the serial manufacturing system which describes processing in terns of
sensitivity informati on and performance in ternms of part production and
storage/retrieval. The description uses process switches in the form of
buf fer statusywg@iggakors that express coupling betmeen_stagq&nwﬁgﬁm%wP
REPLACENMENT SHEET 2 system al so senses newysensitivity infor | t hat
results fromsinulating the manufacturing systemwi.th the nodel

The present invention provides an extensible modei
architecture for process planning that eliminates or
. reduces problems with prior systems.

5 More particularly, in one embodiment, the present
invention provides a computer software system for
modeling a process capability on a computer. The
computer scftware system comprises an operation model
type for defining a plurality of operation models. Each

10 operation model represents an activity that can be
performed by a process. A resource model type is for
defining a plurality of resource models. Each resource
model represents capacity available for use in performing
an activity and rules for allocating capacity to the

15 activity. A buffer model type is for defining a
plurality of buffer models. Each buffer model represents
rules for controlling a flow of material between
activities. The operation model type, buffer model type,
and resource model type each comprise a plurality of

20 fields defining attributes. The plurality of fields
includes a plurality of extension selector fields that
each allow a user to specify one of a plurality of
extensions that augment a model with additional fields
and semantics. The model type specifies a base set of

25 fields and semantics which includes fields that select
extensions that specify additional fields and semantics
that can be added to a particular model. The presence of
a field in a model is dependent upon a value of another
field in the model. Defined operation models, buffer

30 nodels, and resource models are stored as nodes in an
interrelated process network model. The process network
model is formed by a plurality of operation mecdels each
specifying buffer models from which material is consumed
and buffer models to which material is supplied and

35 specifying resource models having capacity used in _
performing the activity specified by the operation model.
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usi ng estimted system performance i nformation. The system al so adjusts
performance information by iteratively using the new sensitivity

information in an optimsation algorithm The adj ust nment step
S carried out simultaneously with the sinulation. US patent
US- A- 5, 331, 545 _descri bes a system and net hod for planning squort. The

pl anni ng suppor® Y¥8%¥m and process is provi degd in a workstat IRy an
operator interface. A planner nodel has data indi cati-hrg—a—p-trati f

pl anni ng actions and indicates flow anong the plann ﬂQEhSHEbhﬁﬁsﬁi Biso

i ndi cates process tinmes of the planning actions. A fiRELACPD anni

action to be executed is _ _
In this manner, both material and capacity usage are

simultaneously represented along with timing constraints
between activities.
According to the present invention, to model a plan

5 for a process, a plan network model is constructed upon

the process network model. An operation-plan model type

is used to define a plurality of operation-plan models.

Each operation-plan model represents a plan for

performing an activity represented by an operation model.
10 A resource-plan model type is used to define a plurality

of resource-plan models. Each resource-plan model
represents a planned usage of capacity represented by a
resource model. A buffer-plan model type is used to
define a plurality of buffer-plan models. Each buffer-
15 plan model represents a planned flow of material
represented by a buffer model. A plan network model is
formed by a plurality of operation-plan models each
specifying resource~plan models planned to be used in
performing the activity specified by the operation-plan.
20 The nodés of the plan network model are built upon and
refer to the nodes of the process network model.
According to the present invention, the process network
model represents possibilities of what can be done, and
the plan network model represents that which is planned
25 to be done.

According to one aspect of the present invention,
each model type has one or more extension points that may
be used to extend the basic model type in order to
support the information needed to create the user defined

30 models. For each extension point, a user may select an
appropriate extension to model a particular aspect of the
user's systen.

According to another aspect of the present
invention, several elements of a user's process model may

35 share data in a hierarchical fashion referred to as _
families. A child model inherits all of the data of the
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determ ned according to the planner nodel on the basi-s-of—an-operatear

nodel . A second pl anning action to be executed foI!dhﬁhg:the“fﬁﬁﬁtN | anni ng
action can also be determned including a step of stori mp~datadbneeded for
processi ng of the second planning action. Parts &f—amodet—of—ttre

pl anni ng wor k wWa4abdss Perforned by a man can be carried out
conputer, such that t%e planner is able to opgfate at his orgﬁgbﬂﬁ%¢?WHg

pace. In accordance with the invention, there Is provided a conputer system
for nodeling a process capability for process planning on a conmputer, the
conput er system conprising: operation nodel type nmeans for defining a

parent model unless it is specifically overridden by a
- designation in the child model. A software system
implementing the teachings of the present invention may
v provide for date effectivity of models using the families
5 feature.

It is a technical advantage of the present invention
to use extensions to define the elements of the process
or system being modeled because it reduces the amount of
data that needs to be stored in a memory device without

10 reducing modeling power. According to the teachings of
the present invention, data for each element of the
modeled process is stored at a node of a user model or
process network model. The data stored at a node
comprises only the data for the fields corresponding to

15 the extensions that are selected by the user. The system
does not store a zero quantity for each field not chosen
by the user. Therefore, the use of extensions reduces
the size requirement for a memory device in a system
implementing the present invention.

20 The software system of the present invention can be,
but not necessarily, implemented using object oriented
programming. Use of object oriented programming supports
simultaneous use of multiple types of models for the
different elements of the planning problem.

25
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plurality of operation nodels, each operation nodel representing an
activity that can be perfornmed by a process; resource nodel type neans for
defining a plurality of resource nodels, each resource npde
representing capacity available for use in performng an activity and rul es
for allocatingveonsesdy to the activity, the activity being gephi&spsthsd by
an operation nodel; and buffer nodel type nmeags for defining a plurality of
buf fer nodels, each buffer nodel representing rules for controlling a flow
of materi al bet ween activities, t he activities bei ng represented
by operation nodels; the operation nodel type,

ERIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present
invention and advantages thereof, reference is now made
to the following description taken in conjunction with

5 the accompanying drawings in which like reference numbers
indicate like features and wherein:

FIGURE 1 is a graphical representation of a portion
of a process network model implementing an extensible
model architecture for use in planning a process

10 according to the teachings of the present invention;

FIGURE 2 is a graphical representation of a plan
network model implementing an extensible model
architecture for use in planning a process according to
the teachings of the present invention; and

15 FIGURE 3 is a graphical representation of a family
of resource models in a process network model
implementing inheritance;

FIGURE 4 is a graphical representation of a family
of resource models in a process network model

20 implementing date effectivity.
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2a buffer nodel type, and resource nodel type each having a plurality of
fields defining attributes, the plurality of fields including a plurality
of extension selector fields that allow a user to specify one of a
plurality of optional extensions incorporating additional fields and
semantics in awsdicoms to fields specified by the nodel type pdtgsosasode M0O0E
sel ecting the optional extension; and processynetwork nodel neans or
interrelating the operation nodels, the buffer nodels and the resource
nodel s as nodes in an interrelated'process net wor k nodel ; the process
networ k nodel being fornmed by the plurality of operation nodels each

speci fying buffer nodels fromwhich material is _consunmed and buffer nodels
to which DETAILED DESCRIPTION QF THE INVENTION

In one embodiment, the present invention provides a
software system for modeling various processes. For
example, the software system may model a manufacturing

5 process used to produce a particular item or product.
The software system may also be used to model a product
distribution channel, a supply chain, or an order
fulfillment process.

According to the present invention, a process is

10 modeled using three primary model types: an operation
model type, a buffer model type, and a resource model
type. A plan for that process is similarly modeled with
three associated primary model types: the operation-plan,
buffer-plan, and resource-plan. A user uses a model type

15 as a template to create a model. For example, a buffer
model type is used to create a model of a buffer. Each
of these user defined models is stored as a node in a
process network model of a user's process.

The model types used by the system are extensible in

20 that each model type may have one or more extension
points that allow a user to customize the model to
represent the user's process. For each extension point,
a user may choose from numerous extensions the one that
is best. suited to define a particular aspect of the

25 user's system or process. Each model type has a list of
predefined extensions from which the user may choose.
Each extension defines fields that extend the data and
meaning associated with a model type. These extensions
and fields define the way in which the model types

30 interact. Each user defined model is defined by a model
type, one extension for each extension point of the model
type, and data for each field of the model type and
extensions. Possible features of each of the model types
are discussed in detail below.
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material is supplied and specifying resource nodels having capacity used in
performng the activity specified by the operation nodel; such that both
material and capacity usage are simultaneously represented by the process
networ k nodel along with timng constraints betmeﬁn act|V|t;es. 3 The

I nventi on prow extensi bl e nodel system architecture for process

pl anni ng tﬁat glg?ﬁ?lﬁga% es or reduces problens \Aﬂ'th prior SySFE USGt9pe0e
particularly, in one enbodinent, the present I'nvention provides a conputer
software system for nodeling a process capability on a conputer. The

Ihe Operation Model Type
The operation model type may be used to create
operation models which represent activities that can be

5 performed. As used herein, "operation model type" means
a general model for activities that may be modeled by the
software. "Operation node" and "operation model" are

used interchangeably to represent a specific operation
defined by a user using the operation model type. This

10 convention is also used with respect to buffers and
resources.

An operation model type models a process, activity,
or action that transforms or moves items resulting in a
flow into, out of or between buffers. Operations may

15 require resources with specific skills. Those resources
model the capacity to perform operations. Buffers model
the flow of items that result from operations.
Operations model the activity.

Activities may include transportation, storage,

20 picking, receiving, testing, assembling, packaging,
manufacturing, designing, setup, maintenance, and other
actions. An operation can use any number of resources,
with different run times, and with staggered start and
end dates. Thus, a single activity or a whole series of

25 activities can be modeled with a single operation. This
is important for having sufficient flexibility to model
diverse activities in different manufacturers, even °
within a single supply chain.,

The modeling needs of these varied activities can be

30 very different. To support those variations, the
cperation model can be extended via a 'process'
extension. Different extensions each can add different
fields to the operation model. A simple process
extension may add a single field such as a fixed amount

35 of time that the coperation runs. A more complex process _
extension may add a fixed time and a per-unit time that

<.



conput er software system conprises an operation nodel type for defining a
plurality of operation nodels. Each operation nodel represents an activity
that can be performed by a process. A resource nodel type is for defining a
plurality of resource nodels. Each resource nodel represents capacity
avai | abl e for yag higperformng an activity and rules for aIIocating
capacity to the activity. A buffer nodel typegis for defini nd’cémbﬁg %?P?ty
of buffer nodels. Each buffer nodel represents rules for controlling a flow
of material between activities. The operation nodel type, buffer nodel

type, and resource nodel type each conprise a plurality of fields defining
attributes. The plurality of fields includes a plurality of extension

sel ector fields thts computed gwapartdonad tpethéynumbenfofs yridsalthay of

ext ensi ons that_aqqggfgtfbﬁn§g§fdyﬂga,adﬁihﬁgﬂaho}ée&&hpfggyﬁyya@ggics. The
nodel type spemhgs a base set r?gi{d fal ‘%'i%ida@ﬂaée@r‘é'ffséméfcr‘ot&;%‘i-' udes
fields that sel ect®EXERALD Y
v operations which are performed in sequence in order to
5 perform this operation.

Thus, unlike traditional manufacturing software that
separate routings and operations, the present invention
allows a routing to be modeled as simply a particular
kind of operation - an operation that consists of other

10 operations that are run in sequence. The relationships
between those sub-operations can be different depending
upon the chosen extension. So, an operation can model a
simple routing (a sequence of operations allowed to
spread), a flow routing (a sequence of operations which

15 must flow into one another), a set of operations that can
be run at the same time, alternates (a set of alternate
operations), and other combinations.

Further, since routings are modeled as operations,
they can be put in other operations. For example, a

20 simple iouting operation may consist of five operations.
One of those five may be an alternates operation, which
consists of three possible operations. One of those
possibilities may itself by a simple routing operation
consisting of three operations. Thus, depending upon

25 which alternate is chosen, there may be five or seven
operations to perfornm.

An operation can also model simply the bill-of-
materials for an item (operations that just model the
transform of items, but do not model the capacity

30 required to do that). Similarly, an operation can model
simply the bill-of-distribution for an item (operations
that just model the movement of items between buffers,
but do not model the capacity required to do so). Other
operations can then combine the bill-of-materials or

35 bill-of-distribution operations with operations that



specify additional fields and semantics that can be added to a particular
nodel . The presence of a field in a nodel is dependent upon a val ue of
another field in the nodel. Defined operation nodels, buffer nodels, and
resource nodels are stored as nodes in an interrel ated process network

nodel . The procegseigisgor k model is fornmed by a plurality of §Q§ﬁ%%%&P
n A

nodel s each specifying buffer nodels fronlmhicg material is c
buffer nodels to which material is supplied and specifying resource nodels
havi ng capacity used in performng the activity specified by the operation
nodel. - 4
properly consume capacity. Such separation is common in
older manufacturing databases.
Some operation specifications can define multiple
operations. For example, some manufacturing software
5 defines operations such that resources can be loaded just
during portions of operation time. For ease of
interfacing such packages or databases, process
extensions can be provided with the identical
specification. That process generates a routing-like

10 operation containing auto-generated sub-operations that

contain the different phased resource loadings.
2An advantage of the operations model type design is
simplicity and consistency. By providing a simple
building block that is extensible and can be flexibly

15 combined with others, a great deal of modeling capability
is provided without complicating the common simple cases.
In this way, the critical operations and resources can be
modeled in adequate detail while the non-critical models
remain suitably inexpensive.

20 A user may select an extension from the operation
model type to,.for example, define a transportation
operation model. Alternately, a user may choose an
extension from the operation model type that creates a
smelting operation model for smelting iron ore to produce

25 steel in a smelter. In essence, every act that needs to
'~ be performed by a process is modeled using the operation
model type.

An example of an extension for an operation model is
a run extension. A simple run extension may consist of
30 one field: the fixed amount of time that the operation
model is to run. For example, a particular operation
that runs for 2 hours may be modeled by that extension.
Alternatively, a more complicated run extension may have
three fields: such as a load-run-unload. This extension
35 may define a predetermined, constant time for loading
material, followed by a run time which is a factor that



In this manner, both material and capacity usage are sinmultaneously
represented along with timng constraints between activities. According to
an enbodi mrent of the invention, to nodel a plan for.a process, a plan
network nodel is constructed upon.-the process network nodel. An
operation-pla lofype is used to define a plurality of operation-plan
nmodel s. Each 3%2?2 f%%-plan model represents_ g plan for perfEFﬁWﬁWﬁwﬁﬁ
activity represented by an operation nodel. A resource-pl an nodel type is
used to define a plurality of resource-plan nodels. Each resource-pl an
nodel represents a planned usage of capacity represented by a resource
nodel . A buffer-plan nodel type is used to define a plurality of

buf f er- pl an nodel 45 Badbipliédrbylthe mpualtitypoésmaterbad| e did | i mf

mat erd al represenieddiisdabubd Plowd!Hy dh RIriRaBCHUR’ KidRghide f@rmed by a
plurality of oper i onplah fode]S, £ac s P o Yol L S8 Bl e
’ ’
require use of different resources.

5 Operation models represent activities that consume
items, produce items, and/or utilize capacity. Such
operation models define the activities and precedence
(timing) constraints in a process.

In manufacturing, a sequence of operations is
10 referred to as a routing. A routing is represented as an
Operation model with a routing extension which defines
the behavior of that operation to be a sequence of other
operations. Similarly, the specification of alternate
resources, alternate operations, and alternate routings
15 can be done with an operation model and an alternates
extension which defines the behavior of that operation to
be "perform one of these other operations".
Additionally, an operation model may maintain constraints
between successive operation models such as perish times
20 (i.e. the maximum time between operations).

The oOperation-Plan Model Type
An operation-plan model type may be used to create

operation-plan models which represent the plans to

25 perform activities that are represented by operation
models. The operation-plan model refers to an operation
model that defines the allowed behavior. The operation-
pPlan model represents a choice among the allowable
behaviors, or even a choice of a disallowed behavior (an

30 infeasible plan). For example, the operation-plan model
would include the dates during which the operation will
be performed. If different resources may be chosen to
perform the activity, the operation model represents
those options, whereas the operation-plan model

35 represents a choice of the resource planned to be used.



nodel s pl anned to be used in performng the activity specified by the
operation- plan. The nodes of the plan network nodel are built upon and
refer to the nodes of the process network nodel. The process network nodel
represents possibilities of what can be done, and the plan network nodel

represents th | I's planned to be done. According to a preferred
asBect of thea‘é)’(r)\gz/gﬁpginvention, each nodel type has one or hoFES%PPWAsi on
points that may be used to extend the basic nbdel type in order to support
the informati on needed to create the user defined nodels. For each
extension point, a user nmay select an appropriate extension to nodel a
particul ar aspect of the user's system According to another preferred
aspect of the present |R¥epRsinns saleckpdcferchbe eperatiss, medgloeass nodel

may share data in eatiseréesfresmindinghefensions to be selected for a

operation-plan model that refers to the operation model.
Those extensions add fields and semantics that correspond

5 with the semantics of the operation model. For example,
an extension may add minimum and maximum limits for a
value in fields of the operation model, and a
corresponding extension may add the planned value as a
field of the operation-plan mocdel.

10
Ihe Resource Model Tvpe

A resource model type may be used te create resocurce
models which represent aspects of a process that have a
predetermined capacity. For example, a resource model

15 may represent laborers used in a manufacturing process.
A resource model may represent a physical object such as
a truck, a forklift, an oven, or any other object used in
implementing the process that has a predetermined
capacity limitation (such as space, electricity, or

20 money) .

The resource model type may provide various
extensions from which a user may choose to define an
actual capacity constraint on its procéss, For example,
a simple extension may only have a single field setting a

25 maximum capacity constraint. Such a resource model may,
for example, represent a truck which has a maximum
carrying capacity of 10 tons. Alternatively, a more
complex extension may be chosen. For example, the
extension may have fields relating to both a maximum

30 capacity and a minimum capacity. Extensions for the
resource model type may also have fields for constraints
such as the number of set up times allowed in a
particular time period or the number of hours that may be
devoted to setting up the particular resource.

35 A resource model may have an efficiency extension
that defines in one of a number of different ways how the



referred to as famlies. A child nodel inherits all of the data of the
parent nodel unless it is specifically overridden by a designation in the
child nodel. A software systeminplenenting the teachings of the present

i nvention may provide for date effectivity of nodels using the famlies
feature. 5 di rent of the present invention enables the use of
extensions to de?ine the el enents of the procgss or syst em bBFHYSI$9OWP ed
because it reduces the anmobunt of data that needs to be stored in a nenory
devi ce wi thout reducing nodeling power. Data for each el enment of the
nodel ed process is stored at a node

efficiency of that resource varies over time. The
efficiency may be defined as a fixed value, as a value
that ramps up over time (a learning curve), or as a value
that changes seasonally as specified in a calendar.

5 A resource model may have a variability extension
that defines how the plan should be padded to compensate
for the variability of that resource. A resource model
may also have a maintenance extension that defines when
maintenance is required. One extension may compute based

10 on time since the last maintenance, the load-time during
it, a weighted sum of locad-times, the number of setups or
the setup time, and other such times. It may also
determine separately both major and minor maintenance
needs.

15 A resource model may have a size extension that
defines the size of the resource and defines how the size
is consumed by the various operations. For example, a
truck trailer may have a size of up to ten tons and up to
twelve feet high, eight feet wide, and 26 feet long. The

20 resource would also know how to compute the weight and
the physical dimensions of the cperations that use the
resource. A resource model may also have a load policy
extension that defines the rules for loading that
resource (e.g. no overlapping operations, and no

25 operations longer than three hours on Mondays).

Operation models may reserve capacity of
predetermined resource models. For example, a user may
define a transportation operation model for transporting
an item. The transportation operation may reserve a

30 truck resource model to carry out the act of transporting
the item.

An operation model may require more than one
resource at a time. For example, in a milling process, a
particular operation model may specify that it requires a

35 milling machine resource model and a labor resource
model. Additionally, an operation may reserve alternate



of a user nodel or process network nodel. The data stored at a node
conprises only the data for the fields corresponding to the extensions that
are sel ected by the user. The system does not store a zero quantity for
eﬁch field not chosen by the user.. Therefore, the use of extensions reduces
the size requirenment for a nmenory device in a systeminplenentin
present invent ?’V&f"mﬂ("sgoftware enbodi nent of tgg present inve Fi'rﬁﬁgé‘gﬁwbe,
but not necessarily, inplenmented using object™oriented progranm ng. Use of
obj ect oriented programm ng supports simultaneous use of nultiple types of
nodel s for the different elenents of the planning problem
resource models. Finally, a resource model may specify
inter-operation constraints such as sequence-dependent
set up times or combination constraints. For example, a
resource model for an oven may specify that all
5 operations that use the same temperature and are less in
size than available space can use a particular oven at
the same time.
The resource model type can be used to model and
manage a storage space. A storage space may represent,
i0 for example, a warehouse, a store room, a refrigerator,

or floor space in a factory.

The Resource-Plan Model Type
A resource-plan model type may be used to create
15 resource-plan models which represent the planned
availability and usage of the capacity represented by
resource models. The resource-plan model refers to a
resource model which defines the allowed behavior. The
resource-plan model represents a choice among the
20 allowable behaviors, or even a choice of a disallowed
behavior (an infeasible plan). For example, the
resource-plan model would include the dates during which
the resource will run overtime. The resource model
represents the options for performing overtime, whereas
25 the operation-plan model represents a choice of the
overtime being planned.

Extensions selected for the resource model can cause
corresponding extensions to be selected for any resource-
plan model that refers to the resource model. Those

30 extensions add fields and semantics that correspond with
the semantics of the resource model. For example, an
extension may add minimum and maximum limits for a value
in fields of the resource model, and a corresponding
extension may add the planned value as a field of the

35 resource-plan model.



6 Enbodi nents of the invention are described, by way of exanple, wth
reference to the follow ng description taken in conjuction wth the
acconpanyi ng drawi ngs in which like reference nunbers indicate |ike
features and wherein: FIGURE 1 is a graphical representation of a portion
of a process n del inplementing an extensible nodel architecture
for uge in pIaﬁ%p%éh%ﬁgrocesgpaccording to an odi ment of t KETHSAUERM
invention; FIGURE 2 is a graphical representation of a plan network nodel

i npl ementing an extensi bl e nodel architecture for use in planning a process
according to an enbodi nent of the present invention; FIGURE 3 is a

graphi cal representation of a famly of resource nodels in a process
net wor k nodel inpléﬁﬁﬁ&ﬂﬁ%ﬁﬂﬁ#ﬂﬂﬂﬁﬂa*EBﬁ and
. The buffer model type is used to create buffer
models which manage items consumed and/or produced in the
modeled process. In other words, a buffer model
5 represents the management of a particular item. The
buffer model type may have extensions that represent
constraints such as minimum and maximum inventory levels.
Additionally, the buffer model type may have an extension
that defines ordering policies such as lot-for-lot, or
10 fixed size batches. A buffer model type extension may
also require a "safety stock" that must be on hand at all
times in case of emergency.
A buffer model manages the flow of materials to and
from an operation model. A buffer model may provide
15 sheet metal to a press for stamping the sheet metal into
a particular shape. As part of its definition, an
operation model will point to the buffer models that it
consumes items from and to the buffer models that it
supplies items to. It is noted that a defined buffer
20 model may not have an actual inventory associated with
it. Rather, the defined buffer model may simply
represent an item flow control point. Alternatively, a
buffer model may maintain an inventory of items sitting
between operations.
25 The Buffer-Plan Model Tvpe
A buffer-plan model type may be used to create
buffer-plan models which represent the planned
availability and usage of the capacity represented by
buffer models. The buffer-plan model refers to a buffer
30 model which defines the allowed behavior. The buffer-
plan model represents a choice among the allowable
behaviors, or even a choice of a disallowed behavior (an
infeasible plan). For example, the buffer-plan model
would include the dates during which the buffer will run
35 overtime. The buffer model represents the options for



FIGURE 4 is a graphical representation of a famly of resource nodels in a

process network nodel inplenenting date effectivity. 7 In one
enbodi ment, the present invention provides a software system for nodeling

vari ous processes.

For exanple, the software system nay nodel a

manuf act uri ng REQs used to produce a particular itemor pggﬂﬂ&kﬁmmge

software system may al so be used to nodel a prgoduct distribu

I'on channel ,

supply chain, or an order fulfillment process. A process is nodel ed using
three primary nodel types: an operation nodel
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performing overtime, whereas the operation-plan model
represents a choice of the overtime being planned.

Extensions selected for the buffer model can cause
corresponding extensions to be selected for any buffer-
plan model that refers to buffer model. Those extensions
add fields and semantics that correspond with the
semantics of the buffer model. For example, an extension
may and minimum and maximum limits for a value in fields
of the buffer model, and a corresponding extension may
add the planned value as a field of the buffer-plan
model.

Process Network Model

FIGURE 1 is a graphical representation of a portion
of a process network model indicated generally at 10
according to the teachings of the present invention. A
process network model is a set of user defined models
which may be stored in a computer memory. The stored
nodés define, for example, the user's factory which is to
be used to manage a particular manufacturing process. A
user defines the process network model 10 of FIGURE 1 by
selecting model types and the appropriate extensions of
these model types, as described above, to form_models of
the elements of the users' process. The nodes in process
network model 10 may be connected together in many
different ways to achieve different results. Process
network model 10 represents all of the possible
interconnections between the user defined models. For
example, process network model 10 of FIGURE 1, in part,
consists of four operation models, 11, 12, 13, 14 and 15,
and four buffer models, 16, 18, 20 and 22. Material may
flow through various paths in process network model 10.

Operation model 11 of FIGURE 1 may represent the act
of stamping a piece of sheet metal into one of many
different predetermined shapes as modeled by operation .
models 12, 13, 14 and 15. Additionally, buffer models 16

a



type, a buffer nodel type, and a resource nodel type. A plan for that
process is simlarly nodeled with three associated primary nodel types: the
operation-plan, buffer-plan, and resource-plan. A user uses a nodel type as
a tenplate to create a nodel. For exanple, a buffer nodel type is used to
create a nodel uffer. Each of these user defi ned nodel s stored as
a node in a prv:l)(gg?é@“%etvmrk nodel of a user' 3”process The néﬁ’é'})sgtﬁ 8% used
by the systemare extensible in that each no type may have one or nore
extension points that allow a user to custom ze the nodel to represent the
user's process. For each extension point, a user may choose from nunerous
extensions the one that is best suited to define a particul ar aspect of the
user's system or Fnstdds magashipndietwe ypiffrrent [typesobfpsbdeti metal.

ext ensi ons from Wik goie i6aebENPYo6889 She t AN EeaN1008ne6hi BASFIEGRES
that extend the das aowasn%everal alternative material flow paths.
For example, sheet metal may be provided by buffer
5 16 to operation 13 and then to buffer 20. Alternatively,
sheet metal may be provided by buffer 16 to operation 14
and then buffer 22. Sheet metal may be provided by
buffer 18 to operation 14 and then to buffer 20.
Alternatively, sheet metal may be provided by buffer 18

10 to operation 15 and then buffer 22.

Process network model 10 represents the possible
routes that material may flow in a process to be modeled.
The software system of the present invention uses the
information in a process network model to create plans

15 for implementing a particular material flow path to model
a process. The interconnected nodes of the process
network model used to represent a particular plan may be
referred to as a plan network model or plan.

The software system of the present invention may

20 create a plan network model as a result of several
different events. In general, a plan network model
provides definitions as toc quantities and timing for
elements of the model. For example, the inventory level
for an item managed by a particular buffer model may drop

25 below an allowable level. 1In response, the process
network model may create a plan network model for
replenishing the inventory of that buffer model.
Alternatively, a plan may be created using the process
network model in response to customer orders.

30 The software system of the present invention may
create a plan network model as follows. For each
activity in a user's process, the software system creates
an operation plan model from an operation-plan model type
using extensions from the corresponding operation model.

35 The system provides the operation plan model with the
start and end dates, alternate selections, and other



meani ng associated with a nodel type. These extension | s define

the way in which the nodel types interact. Each user
defined by a nodel
nodel type, and data for each fiel-d of the nodel type an
Possi bl e feat U ahasgach of the nodel types are di scussed
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type, one extension for each extenkion RiMjc

n detail bel ow
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Type The operation nodel type nay be used to create

information needed to form a plan for a particular
execution of that operation. _

For each resource model that is used by an operation
plan, the software system creates a resource plan model
from a resource-plan model type and the extensions
corresponding to the resource model. The system provides
the resource plan model with all of the capacity
reservations placed on it by the operation plan models.

For each buffer model from which items are consumed
or to which items are supplied by an operation plan, the
software system creates a buffer plan model from a
buffer-plan model type and the extensions of a
corresponding buffer model. The system provides the
buffer plan model with inventory levels, ordering
policies and any other information needed to plan the
management of the flow of items in the process. The
various plan models interact to create a schedule of
events to implement the modeled process to produce a
selected quantity of output.

Plan Network Model

FIGURE 2 is a graphical representation of a plan
network model for producing, for example, bicycle fenders
in a predetermined process. For purposes of FIGURE 2, it
is assumed that a user has previously defined a site

. network having all of the operation-plan, buffer-plan,

and resource~plan models necessary to model the user's
physical facilities and process requirements. In
response to a condition for creating a plan as identified
above, each operation-plan, buffer-plan, and resource-
plan model required for use in the plan creates plan
models. The flow of material through the manufacturing
process for creating bicycle tires as modeled by the
software system of the present invention is described in
detail below.

This Sheet Has Been Replac
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operation nodels which represent activities that can be 5 perfornmed. As
used herein, "operation nodel type" nmeans a general nodel for activities
that may be nodel ed by the software. "QOperation node" and "operation nodel"
are used interchangeably to represent a specific operation defined by a

user using thegudPsi fw?gsl on nodel type. This 10 convention #&ﬁgﬁ%?éﬁed
e

with respect to bu rs and resources. An opgbati on nodel type no
process, activity, or action that transforns or noves itens resulting in a
flowinto, out of or between buffers. Operations may 15 require
resources wth specific skills. Those resources
' The storage space holding sheet metal for creating
bicycle fenders is represented by resource-plan model 32.
At operation-plan model 33, sheet metal from resource-
plan model 32 is made available in buffer-plan model 34.
5 Buffer-plan model 34 manages the flow of sheet metal. At
operation-plan model 36, the sheet metal is stamped into
a predetermined shape for the fender. Stamp operation-
plan model 36 requires two resource-plan models. First,
resource-plan model 38 comprises an industrial press with

10 a die selected to press the sheet metal into a
predetermined shape. It is noted that the die may be
modeled as a separate resource. A second resource-plan
model 40 for operation-plan model 36 may be a laborer
that operates press resource-plan model 38.

15 Buffer-plan model 42 manages the flow of pressed
sheet metal from operation-plan model 36 to operation-
plan model 44. At operation-plan model 44, the pressed
sheet metal is painted. Painting operation-plan model 44
may use resource-plan models 46 and 48 such as a vat of

20 paint and a laborer.

The final step in preparing the fender is to dry the
paint. Buffer-plan model 50 manages the flow of material
from painting operation-plan model 44 to drying
operation-plan model 52. Operation-plan model 52

25 utilizes a resource-plan model 54 that may comprise an
oven or other appropriate heating element to dry the
paint. Heating resource-plan model 54 is operated by
resource-plan model 56 which may represent a laborer.

The dried fenders are pulled from buffer-plan model 60

30 and stored in a storage space modeled by resource-plan

model 58 by operation-plan model 57.

Families
Nodes in the process and plan network models may be
35 interrelated with common elements in a hierarchical order

referred to as families. Each node can have only one



nodel the capacity to performoperations. Buffers nodel the flow of itens
that result fromoperations. QOperations nodel the activity. Activities may
i nclude transportation, storage, 20 pi cki ng, receiving, testing,
assenbl i ng, packagi ng, manufacturing, designing, setup, maintenance, and

ot her actions. vhHohfasat i on can use any nunber of resources, %%ﬁt,@sgg@g%ir?;t

run times, and wth staggered start and end dgpes. Thus, a si
or a whol e series of 25 activities can be nodeled with a single
operation. This is inmportant for having sufficient flexibility to nodel
diverse activities in different manufacturers, even
family. In a family relationship, the children nodes
inherit all the extension and field values of their
family nodes unless they are specifically overridden by
the child. Any changes to fields of a parent model are
5 effective for the child models that do not override those
fields.
FIGURE 3 shows an example of the use of families for
a resource model. Resource models 70, 72 and 74 are all
ovens. Resource model 70 is the family. Resource models
10 72 and 74 are the children. Both resource model 72 and
resource model 74-have all of the same extensions as
resource model 70. Model 72 inherits all values from
model 70. Model 74 inherits all values except it has a
larger size and higher efficiency.
15 Use of families allows planning at different levels.
In this example, the information stored at the node for
resource medel 70 may be used to perform aggregate
planning. Whereas the information stored at the nodes
for resource models 72 and 74 may be used to perform more
20 detailed plans as to what particular ovens are to be used
for particular operations.

Date Effectivity
Families may be used to provide an efficient manner
25 in which to update changes to a model. Date effective

changes to a model generally affect only.a small number
of the total fields. It would be tedious and error-prone
to have to maintain, for example, many independent copies
of the same information in date effective variations.

30 The principle of inheritance .in families may be used to
efficiently implement date effective changes to a model.
As shown in FIGURE 3, gas oven resource model 78 is only
valid until a specified day, DATE. Beginning on DATE,
electric oven resource 80 must be implemented. A date

35 effective field of resource 78 dictates that it may only



within a single supply chain. The nodeling needs of these varied activities
can be 30 very different. To support those variations, the operation
nodel can be extended via a 'process' extension. Different extensions each
can add different fields to the operation nodel. A sinple process extension

may add a singWwe ksl such as a fixed anount 35 of ti rreg&ﬂ% é/@gw
operation runs. A nore conplex process extensjon may add a fiX d

a per-unit time that

be used prior to the DATE. After the DATE, only resource
model 80 may be used.
Although the present invention has been described in
detail, it should be understood that various changes,
5 substitutions and alternations can be made hereto without
departing from the spirit and scope of the invention as
defined by the appended claims.
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ni["lmnﬂﬁmu’ lllu)lm' to the number of units that Egg/rg

nuch "mofe torbl €x process extension may add a field that
operations which are perforned in sequence in order to 5

operation. Thyge otigblydske traditional nenufacturing software tp&t @gﬁ%g)@te
routings and operations, the present inventigg allows a routing e

nodel ed as sinply a particular kind of operation - an operation that
consi sts of other 10 operations that are run in sequence. The
rel ati onshi ps

WHAT IS CLAIMED IS:

1. A computer software system for modeling a
process capabllity on a computer, the computer software
system comprising:

5 an operation model type for defining a plurality of
operation models, each operation model representing an
activity that can be performed by a process;

a resource model type for defining a plurality of
resource models, each resource model representing

10 capacity available for use in performing an activity and
rules for allocating capacity to the activity; and

a buffer model type for defining a plurality of
buffer models, each buffer model representing rules for
controlling a flow of material between activities;

15 wherein the operation model type, buffer model type,
and resource model type each comprise a plurality of
fields defining attributes, the plurality of fields
including a plurality of extension selector fields that
allow a user to specify one of a plurality of optional

20 extensions incorporating additional fields and semantics
in addition to fields specified by the model type into
each model selecting the optional extension; and

wherein defined operation models; buffer models, and
resource models are stored as nodes in an interrelated

25 process network model, the process network model formed
by a plurality of operation models each specifying buffer
models from which material is consumed and buffer models
to which material is supplied and specifying resource
models having capacity used in performing the activity

30 specified by the operation model, such that both material
and capacity usage are simultaneously represented along
with timing constraints between activities.
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bet wee i ons can be different dependi{ig R '§ )
ext ens”cmmgmlﬂm(jﬂﬂa ﬂ' ion can model a sinple routi [{

operati ons ¢al lkowed ¢0 spread), a flow routing (a seqguence tion
whi ch 15 must flow into one another), a set of operations that can be
run at the sang,44 158 gal ternates (a set of alternate operatio é%ﬁ apd ot her
conbi nati ons. Further, since routings are nodghed as operatloﬁ ?ﬁ@?maan
be put in other operations. For exanple, a 20 sinmpl e routing operation
may consist of five operations. One of those five may be an alternates
operation, which consists of three possible operations. One of those

2. The computer software system of Claim 1,
further comprising:

an operation-plan model type for defining a
plurality of operation-plan models, each operation-plan

5 model representing a planned activity to be performed

during a particular period in order to achieve a
particular purpose;

a resource-plan model type for defining a plurality
of resource-plan models, each resource-plan model

10 representing an amount of available capacity and planned
usage of the available capacity by operation-plan models;
and

a buffer-plan model type for defining a plurality of
buffer-plan models, each buffer-plan model representing
15 planned flow of material that controlled by the buffer-
plan model as a result of planned operation-plan models;
wherein the operation-plan model types, buffer-plan
model types, and resoufce-plan model types each comprise
a plurality of fields that define attributes, including a
20 plurality of extension selector fields corresponding to
operation, buffer, and resource model type fields and
specifying corresponding extension of a plurality of
optional extensions which incorporate additional fields
and semantics into each model selecting the optional
25 extension in addition to those specified by the model
type; and
wherein the defined operation models, buffer models,
and resource models are stored as nodes in an
interrelated process-plan network model, the process-plan
30 network model formed by operation-plan models specifying
buffer-plan models from which material is consumed and
buffer-plan models to which material is supplied and
specifying resource-plan models having capacity planned
to be used in order to perform the activity specified by
35 the operation-plan model, such that both material and
capacity usage are simultaneously represented and

T hxs Sheet Has Been Repiace
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possibilities may itself by a sinple routing operation consumuuﬂlml“ﬂmrﬁzl“l
operations. Thus, dependi ng upon 25 which alternate is

may be five or seven operations to perform An operation can ‘al so rodel ° ”
sinply the bill-of- materials for an item (operations that just nodel the
transformof itens, but do not nodel the capacity 30 required to do
that). SinilaMoAP70%88operation can model singly the bill-of F&GTEPYEEY on
for an item (operations that just nodel the rmovenent of itens between
buffers, but do not nodel the capacity required to do so). O her operations
can then conbine the bill-of-materials or

addressed along with operation timing constraints in
creating and managing a plan for the process.

3. The computer software system of Claim 1,

5 wherein the operation model type has associated with one
of the extension selectors a plurality of extensions that
define behavior as a sequence of other operations, with
varying rules on how the sequence may be ordered or may
spread out in time.

10
4. The computer software system of Claim 2,
wherein:
the operation model type has associated with one of
the extension selectors a plurality of extensions that
15 define behavior as a sequence of other operations, with
varying rules on how the sequence may be ordered or may
spread out in time; and
the operation-plan model type has a plurality of
extensions each corresponding to each of the extensions
20 of the bperation model type, which represent extension-
specific choices for a particular plan for the process.

5. The computer software system of Claim 1,
wherein the operation model type has associated with one
25 of the extension selectors a plurality of extensions that
define behavior as one of several other operation models,
with varying rules on how a single one of those operation
models is chosen to be performed.

THIS SHEET HAS BEEN
REPLACED
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35 I ution operations with operations that WO 97/86488
PCT/ Luummummmmumgerl y consune capacity. Such separ a’FMQFSHEdeMﬁrBEEN
ol der *marfuf &ct tiri hg "dat abases. Some operation specific | ons RERPACKL | ne
mul tiple operations. For exanple, some manufacturing so f-e—5 gdefines
oper ati ons suctwddrabaggesources can be | oaded just during portpeasse@booge
operation tine. For ease of 25

6. The computer software system of Claim 2,
wherein:
the operation model type has associated with one of
the extension selectors a plurality of extensions that
5 define behavior as one of several other operation models,
with varying rules on how a single one of those operation
models is chosen to be performed; and
the operation-plan model type has a plurality of
extensions each corresponding to each of the extensions
10 of the operation model type, which represent extension-
specific choices for a particular plan for the process.

7. The computer software system of Claim 1,
wherein the operation model type has associated with one
15 of the extension selectors a plurality of extensions that
define behavior as a set of other operations each having
individual precedence constraints, with varying rules on
how the set of operations is planned.

20 8. The computer software system of Claim 2,
wherein:
the operation model type has associated with one of
the extension selectors a plurality of extensions that
define behavior as a set of other operations each having
25 individual precedence constraints, with varying rules on
how the set of operations is planned; and
the operation-plan model type has a plurality of
extensions each corresponding to each of the extensions
of the operation model type, which represent extension-
30 specific choices for a particular plan for the process.
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I nterfaci ng such packages or databases, process extensions cgmﬂmﬂl”mc"m
with the identical specification. That process generates a r i ”"H
oper ati on contai ni ng auto-generated sub-operations that contai’h thet "* s *
di fferent phased resource |oadings. An advantage of the operations nodel

type design is s el ty and consi stency. By providing a si 1l di ng
bl ock that is gt(%giyg]i | e and can be flexibly d& conbi ned%fﬁﬁ%@h@rs, a

great deal of nodeling capability is provided w thout conpleatinrg-the
comon sinple cases. In this way, the critical operations adHlS SHbEF HAS BEEN
be nodel ed in adequate detail while the non-critical nodel §. REPLACED

9. The computer software system of Claim 1,
wherein the operation model type includes a plurality of

extensions that define behavior as a sequence of other
operations, as one of several other operation models, and

5 as a set of other operations each having individual
precedence constraints, such that a complex hierarchy of
operation models can be formed in order to represent
complex processes with alternatives, sequences, and
precedence constraints.

10
10. The computer software system of Claim 2,
wherein:
the operation model type includes a plurality of
extensions that define behavior as a sequence of other
15 operations, as one of several other operation models, and
as a set of other operations each having individual
precedence constraints, such that a complex hierarchy of
operation models can be formed in order tc represent
complex processes with alternatives, sequences, and
20 precedence constraints;
the operation-plan model type has a plurality of
extensions each corresponding to each of the extensions
of the operation model type, which represent extension-
specific choices for a particular plan for the process;
25 and
a plan for such a complex process can be represented
with all decisions to be made in order to define a
particular plan.

30 1l1. The computer software system of Claim 1,
wherein the resource model type has associated with one
of the extension selectors a plurality of extensions
defining fields and semantics that each describe how an
efficiency of the resource model changes over time.

35

This Sheet Has Been Replaced




remai n suitably inexpensive. 20 A user may select a

fromthe operation nodel type to, for exanple, define a tranmnmm"rmmllll " III,
operation nodel. Alternately, a user may choose an extension frofnt

oper ati on nodel type that creates a snelting operation nodel for sneltlng
iron ore to pny %5 steel in a snelter. |In essence, ever act that
needs to be per orne by a process is nodel egqusing the opergFT

type. An exanple of an extension for an operation node|l _is. a run,pyfp_ Lon.
A sinple run extension may consist- of 30 one fi el df THIShEHEHTXEAS BiEbN
of time that the operation REPLACED

—+

12. The computer software system of Claim 2,
wherein:
the resource model type has associated with one of
the extension selectors a plurality of extensions
5 defining fields and semantic that each describe how an
efficiency of the resource model changes over time; and
the resource-plan model type has a plurality of
extensions each corresponding to each of the extensions
of the resource model type, which represent extension-
10 specific choices for a particular plan for the process.
13. The computer software system of Claim 1,
wherein the resource model type has associated with one
of the extension selectors a plurality of extensions
15 defining fields and semantics that each describe a
maximum size of operation models that simultaneously use
a resource model.

14. The computer software system of Claim 2,
20 wherein:
the resource model type has associated with one of
the extension selectors a plurality of extensions
defining fields and semantics that each describe a
maximum size of operation models that simultaneously use
25 a resource model; and
the resource-plan model type has a plurality of
extensions corresponding to each of the extensions of the
resource model type, which represent extension-specific
choices for a particular plan for the process.

30
15. The computer software system of Claim 1,
wherein the resource model type has associated with one
of the extension selectors a plurality of extensions that
define fields and semantics that each describe when
35 maintenance operations should be planned.
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nodel is to run. For exanple, a particular operation that nw lﬁlmHmI HIIl

may be nodel ed by that extension. Alternatively, a nore conp

extension may have three fields: such as a | oad-run-unl oad. This extension
35 may define a predeterm ned,- constant tinme for |oading material,

foll owed by a | which is a factor that WD 97/ 00488

PCT/ US96/ 09909&?%7}°éﬁﬁul tiplied by the quantijy of materi al PREUSICONR, ng

THIS SHEET HAS BEEN
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16. The computer software system of Claim 2,
wherein:
the resource model type has associated with one of
the extension selectors a plurality of extensions that
5 define fields and semantics that each describe when
maintenance operations should be planned; and

the resource-plan model type has a plurality of
extensions corresponding to each of the extensions of the
resource model type, which represent extension-specific
10 choices for a particular plan for the process. '

17. The computer software system of Claim 1,
" wherein the resource model type has associated with one
of the extension selectors a plurality of extensions
15 defining fields and semantics that each describe how
operation plans should be padded to compensate for
variability of a resource model.

18. The computer software system of Claim 2,
20 wherein:
the resource model type has associated with one of
the extension selectors a plurality of extensions
defining fields and semantics that each describe how
operation plans should be padded to compensate for
25 variability of a resource model; and
the resource-plan model type has a plurality of
extensions corresponding to each of the extensions of the
resource model type, which represent extension-specific
choices for a particular plan for the process.
30
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processed, followed by an unload run time which is consta I

and unl oad phases may each require use of different resounwulnﬂlllmﬁlllnlml
Operation nodel s represent activities that consune items, producé itens, *
and/or utilize capacity. Such operation nodels define the activities and

precedence (tig.n nstraints in a process. In manufacturi nce
of operations W&%)@ogsg referred to as a rout4qg. A routi ng“&fbgm?sg%@%g%m ed

as an Qperation nodel with a routing extension which defines the behavior
of that operation to be a sequence of other operations. Simlarly, the
specification of alternate
19. The computer software system of Claim 1,
wherein:
the resource model type has associated with one of
the extension selectors a plurality of extensions
5 defining fields and semantics that each describe how an
efficiency of the resource model changes over time,
describe a maximum size of operation models that
simultaneously use a resource model, describe when
maintenance operations should be planned, and describe
10 how operation plans should be padded to compegsate for
variability of a resocurce model;
such that a wide variety of resource models can be
represented in one network without greatly increasing
complexity of each resource model requiring only a small
15 subset of the overall software system modeling
capabilities.

THIS SHEET HAS BEEN
REPLACED
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resources, alternate operations, and alternate routings 1

wi th an operation nodel and an alternates extension whi ch?ﬂlﬂlluﬂﬂnlﬂﬂllfﬂml
behavi or of that operation to be "performone of these othér 6petat?ons".*
Additionally, an operation nodel may naintain constraints between

succ Y ' i i -
e bet vieen oB A IBBEEC! T Cherat | on Pl an Apdel Type An ofSTACraRstaT
nodel type nay be used to create operation-plan nodels which represent the
plans to 25 performactivities that are represented by operation
nodel s. The operation-plan nodel refers to an operation
20. The computer software system of Claim 2,
wherein: .
the resource model type has associated with one of
the extension selectors a plurality of extensions
5 defining fields and semantics that each describe how an
efficiency of the resource model changes over time,
describe a maximum size of operation models that
simultaneously use a resource model, describe when
maintenance operations should be planned, and describe
10 how operation plans should be padded to compensate for
variability of a resource model; and
the resource~plan model type has a plurality of
extensions each corresponding to each of the extensions
of the resource model type, which represent extension-
15 specific choices for a particular plan for the process;
such that a wide variety of resource models and a
plan for each of the resource models containing all
decisions regarding capacity can be represented in one
network without greatly increasing complexity of each
20 resource model requiring only a small subset of the
overall software system modeling capabilities.

21. The computer software system of Claim 1,
wherein the buffer model type has an operation that
25 defines how material managed by a buffer is stored, and
the specified operation model can be extended to specify
different scrap factors.

22. The computer software system of Clainm 2,

30 wherein the buffer model type -has an operation that
defines how material managed by a buffer is stored, and
the buffer-plan models create operation-plan models to
store the material managed by the buffer.

THIS SHEET HAS BEEN
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nmodel that defines the allowed behavior. The operatlon- H!I,mmﬂujluj IM“"'
represents a choice anong the all owabl e behavi ors, even

di sal | oned behavi or (an 30 i nf easi bl e pl an). For exanpl e,

oper ation-pl an nodel would include the dates during which the operatlon

w1 be perfowgpends di fferent resources may be chosen to
activity, the operation nodel represents thogg options, mhere1%ﬁ%ﬁb&£;

oper ati on-pl an nodel 35 represents a choice of the resource planned to
be used.

23. The computer software system of Claim 1,
wherein the buffer model type has an operation that
defines how material is received into a buffer and how

5 the material is picked from the buffer.

24. The computer software system of Claim 2,

wherein:
the buffer model type has an operation that defines
10 how material is received into a buffer and how material

is picked from the buffet; and
the buffer~plan models create operation-plan models
to receive each lot of material and pick each lot
consumed .
15
25. The computer software system of Claim 1,
wherein:
the buffer model type has an operation that defines
how material managed by a buffer is stored, and the
20 specified operation model can be extended to specify
different scrap factors and has an operation that defines
how material is received into a buffer and how the
material is picked from the buffer;
such that a wide variety of resource models can be
25 represented in one network without greatly increasing
complexity of each resource model requiring only a small
subset of the overall software system modeling
capabilities; and
such that a complex hierarchy of operation models
30 can be formed to represent complex processes with many
alternatives, sequences, precedence constraints.
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Ext ensi ons sel ected for the operation nodel can caEg/ ::J(???/ ggmﬁumj“""ll”“"l

extensions to be selected for a operation-plan nodel that referss

oper ati on nodel .
5 with the
may add m ni nu

Those extensions -add fields and semantics that correspond

e | cs of the operation nodel. For exanpl nsi on
ﬂ?ﬁﬁg&%éxinun1linits for a val in fields of ?Egﬁﬁ%ﬁégﬁion

nodel , and a correspondi ng extensi on nay addqg%e pl anned value as a field
of the operation-plan nodel. 10

10

15

20

25

30

26. The software system of Claim 2, wherein:

the buffer model type has an operation that defines
how material managed by a buffer is stored, and the
specified operation model can be extended to specify
different scrap factors and has an operation that defines
how material is received into a buffer and how the
material is picked from the buffer; and

the buffer-plan models create operation-plan models
to receive each lot of material and pick each lot
consumed and to store the material that is managed by the
buffer at all times;

such that a wide variety of resource models and a
plan for each of those resource models containing all
decisions regarding capacity can be represented in one
network without greatly increasing complexity of each
resource model requiring only a small subset of the
overall software system modeling capabilities; and

such that a complex hierarchy of operation models
can be formed to represent complex processes with many
alternatives, seguences, precedence constraints, and a
plan for such a complex process can be represented with
all the decisions to be made in order to define a
particular plan. -

27. The computer software system of Claim 25, used
to model a manufacturing process wherein: operation
models are used to represent traditional manufacturing
operations, routings, bills-of-material, and storage;
resource models are used to represent machines, tools,
fixtures, and labor; and buffer models are used to
represent SKUS, bins, buffers, or inventories.
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The Resource Mddel Type A resource nodel type may be used t
resource nodel s which represent aspects of a process that r{ , II””IIIHJ"'
predet erm ned capacity. For exanple, a resource nodel 15 * May nLephesents
| aborers used in a manufacturing process. A resource nodel nay represent a
physi cal obj ectygysbheges @ truck, a forklift, an oven, or any other object
used in inplenenting the process that has a prgdeterm ned capZEFAU§96/09909
limtation (such as space, electricity, or 20 noney). The resource
nodel type nmay provide various extensions fromwhich a user may choose to
define an
28. The computer software system of Claim 26, used
to model and plan a manufacturing process wherein:
operation models are used to represent traditional
manufacturing operations, routings, bills-of-material,
5 and storage; resource models are used to represent
machines, tools, fixtures, and labor; and buffer models
are used to represent SKUS, bins, buffers, or
inventories; and
operation-plans, resource-plans and buffer=-plans are

10 used to represent corresponding plans for those entities.

29. The computer software system of Claim 25, used
to model a distribution network wherein: operation models
are used to represent transport, loading, unloading,

15 storage, receiving, picking, palletizing, and packaging
activities and traditional bills-of-distribution;
resource models represent docks, trucks, pallets,
forklifts, labor, and storage facilities; buffer models
represent SKUS, bins, and inventories.

20

30. The computer software system of Claim 26, used
to model a distribution network wherein:

operation models are used to represent transport,
loading, unloading, storage, receiving, picking,

25 palletizing, and packaging activities and traditional
bills-of-distribution; resource models represent docks,
trucks, pallets, forklifts, labor, and storage
facilities; and buffer models represent SKUS, bins, and
inventories; and

30 operation-plans, resource-plans, and buffer-plans
are used to represent corresponding plans for those
entities.
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actual capacity constraint on its process. For exanple, a si '
may only have a single field setting a 25 maxi mum capadmlﬁwm'nﬁmﬂﬂm
Such a resource nodel may, for exanple, represent a truck kChchas a& s «
maxi mum carrying capacity of 10 tons. Alternatively, a nore conpl ex
extension may b . For exanple, the extension nmay have fjiel ds

relating to bot ﬁv‘%mnﬁgs:anum 30 capacity and“a m ni mum capacpictTﬁ}u.ss’S’09909

Ext ensi ons for the resource nodel type may al so have fields for constraints
such as the nunber of set up times allowed in a particular tinme period or

t he nunber of hours that may be devoted to setting up the particular
resource. :

31. The computer software system of Claim 25, used
to model a manufacturing process wherein:
operation models are used to represent traditional
5 manufacturing operations, routings, bills-of-material,
and storage; resource models are used to represent
machines, tools, fixtures, and labor; and buffer models
are used to represent SKUS, bins, buffers, or
inventories; and
10 operation models are used to represent transport,
loading, unloading, storage, receiving, picking,
palletizing, and packaging activities and traditional
bills-of-distribution; resource models represent docks,
trucks, pallets, forklifts, labor, and storage
15 facilities; buffer models represent SKUS, bing, and
inventories; |
such that a full supply chain can be modeled. .
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35 A resource nodel may have an efficiency extensi ml""ﬂﬂ"m"lmfm"l
I n one of a nunber of different ways how t he WO 97/ 00488

PCT/ US96/ 09909 13 efficiency of that resource varies over tire. ‘The "
efficiency may be defined as a fixed value, as a value that ranps up over

time (a learni ), or as a value that changes seasonall C|f|ed
I n a cal endar. Qﬂ)ﬁ%k%ﬁ A resource nodel mayghave a variab|¥?$§$§&§835|on

SHEET HAS BEEN
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32. The computer software system of Claim 26, used
to model and plan a manufacturing process wherein:

operation models are used to represent traditional

5 manufacturing operations, routings, bills-of-material,

and storage; resource models are used to represent
machines, tools, fixtures, and labor; and buffer models
are used to represent SKUS, bins, buffers, or
inventories;

10 operation models are used to represent transport,
loading, unloading, storage, receiving, picking,
palletizing, and packaging activities and traditional
bills-of-distribution; resource models represent docks,
trucks, pallets, forklifts, labor, and storage

15 facilities; and buffer models represent SKUS, bins, and
inventories; and

operation-plans, resource-plans and buffer-plans are
used to represent corresponding plans for those entities;
such that a full supply chain can be modeled and

20 planned.

33. The computer software system of Claim 25 used
to model project plans wherein: operation models are used
to represent requirements gathering, design, testing,

25 prototyping, tooling, and production; resource models are
used to represent the labor, machines, tools, and
testers; and buffer models represent various milestones
to be achieved in order to move from one activity to
another,

30
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t hat defines how the plan should be padded to conpensate

variability of that resource. A resource nodel may al so hgmmammmMHm
extension that defines when maintenance is required. One extehsilon*nay *
conput e based 10 on tinme since the |ast nmaintenance, the |oad-tine

during it, a wai@bieesssum of |oad-tinmes, the nunber of setupspQfudobfos ﬁ@tup
time, and other such tines. It may al so deterggne separately bo#% M) or an

m nor mai nt enance needs. 15 A resource nodel may have a size
extension that defines the size of the resource and defines how the size is
consuned by the various operations. For exanple, a
34. The computer software system of Claim 26 used
to model project plans wherein:
operation models are used to represent requirements
gathering, design, testing, prototyping, tooling, and
5 production; resource models are used to represent the
labor, machines, tools, and testers; and buffer models
represent various milestones to be achieved in order to
move from one activity to another; and
operation-plans, resource-plans, and buffer-plans
10 are used to represent corresponding plans for those
entities.
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truck trailer may have a size of up to ten tons and up to t

eight feet wide, and 26 feet |ong. The 20 resource mu||mmﬁﬂmmmumll
to conmpute the meight and the physical dinensions of the operatt ons that *
use the resource. resource nodel may also have a |oad policy extension

t hat defines tgﬁo @@ g for loading that resource (e.g. no ove n
oper ati ons, no operations |onger t t hree hours Eﬁ%ﬁg 6%??)
Qperation nodel s may reserve capacity of predéterm ned resource nodels. For

exanpl e, a user may define a transportati on operation nodel for
transporting an item The transportation operation nmay reserve a

35. The computer software system of Claim 25, used
to model a manufacturing process wherein:

operation models are used to represent traditional
manufacturing operations, routings, bills-of-material,

5 and storage; resource models are used to represent
machines, tools, fixtures, and labor; and buffer models
are used to represent SKUS, bins, buffers, or
inventories;

operation models are used to represent transport,
10 . loading, unloading, storage, receiving, picking,
palletizing, and packaging activities and traditional
bills-of-distribution; resource models represent docks,
trucks, pallets, forklifts, labor, and storage
facilities; buffer models represent SKUS, bins, and
15 inventories; and
operation models are used to represent regquirements
gathering, design, testing, prototyping, tooling, and
production; resource models are used to represent the
labor, machines, tools, and testers; and buffer models
20 represent various milestones to be achieved in order to
move from one activity to another;
such that a full supply chain can be modeled and a
supply chain and design activities involved in :
introducing new products and phasing out old products
25 together with on~going production and delivery of
existing products can be represented.
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30 truck resource nodel to carry out the act of transpo '
An operation nodel may require nore than one resource at a !mﬂ" l’L ﬁmm

exanple, in a mlling process, a particular operation nodel nay specC
that it requires a 35 m | ling nmachine resource nodel and a | abor
resour ce nodel nally, an operation may reserve alternate VO
97/ 00488 WS RGT/ US96/ 09909 LBCTIUS36/05505

36. The computer software system of Claim 26, used
to model and plan a manufacturing process wherein:
operation models are used to represent traditional
manufacturing operations, routings, bills-of-material,
5 and storage; resource models are used to represent
machines, tools, fixtures, and labor; and buffer models
are used to represent SKUS, bins, buffers, or

inventories;
operation models are used to represent transport,
10 loading, unloading, storage, receiving, picking,

palletizing, and packaging activities and traditional

bills-of-distribution; resource models represent docks,
. trucks, pallets, forklifts, labor, and storage

facilities; and buffer models represent SKUS, bins, and

15 inventories; and

operation models are used to represent requirements
gathering, design, testing, prototyping, tooling, and
production; resource models are used to represent the
labor, machines, tools, and testers; and buffer models

20 represent various milestones to be achieved in order to
move from one activity to another; and

operation-plans, resource-plans, and buffer-plans
are used to represent corresponding plans for those
entities;

25 such that a full supply chain can be modeled and
planned and such that a supply chain and design
activities involved in introducing new products and
phasing out old products together with on-going
production and delivery of existing products can be

30 represented and planned.
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resource nodels. Finally, a resource nodel may specify int mﬂ'ﬁmtl
constraints such as sequence-dependent set up tinmes or conti | Ilﬂr""””m
constraints. For exanple, a resource nodel for an oven may spedify thatsald
5 operations that use the sane tenperature and are less in size than
avai l abl e spacg SAlodds e @ particular oven at the sane tinme. The resource
nodel type can be used to nodel and nanage a 54 orage space. chfl@Pﬂﬁqgo%pace
may represent, 10 for exanple, a warehouse, a store room a
refrigerator, or floor space in a factory. The Resource-Pl an Mdel Type

37. The computer software system of Claim 1,
wherein each operation model may specify another
cperation, each resource model may specify another
resource, and each buffer model may specify another

5 buffer as its family and may specify a number of fields
as inherited from that family, thereby allowing the
fields to be changed in the family by a user, and result
in changes to all models that inherit that field.

10 38. The computer software system of Claim 37,
wherein each operation model, resource model, and buffer
model that specifies a family can also specify a range of
dates during which the model is effective such that
outside of the range the model is modeled as if the model

15 does not exist.
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A resource-plan nodel type may be used to create 15 resoﬂmﬂmumm Im“"'
nodel s whi ch represent the planned availability and usage of

represented by resource nodels. The resource-plan nodel refer§ to

resource nodel which defines the all owed behavior. The resource plan Endel
represents a cRg¢ ng the 20 al | owabl e behavi ors, a choice
ofpa dlsallomeggggﬁgeggr (an infeasible plan),q For exanple %?Hkmmwmm
resource-pl an nodel would include the dates during which the resource wll
run overtime. The resource nodel represents the options for performng
overtinme, whereas 25 t he operation-plan nodel represents a choice of

t he
38. A computer system for executing a computer

software system for modeling a process capability, the
computer system comprising:

a data storage device operable to store data

5 relating to a model of process capability;

an execution memory operable to store data
representing a computer software system; and

a processor coupled to the data storage device and
to the execution memory, the processor operable to

10 execute the computer software system, wherein the

computer software system comprises;

an operation model type for defining a
plurality of operation models, each operation model
representing an activity that can be performed by a

15 process;

a resource model type for defining a plurality
of resource models, each resource model representing
capacity available for use in performing an activity and
rules for allocating capacity to the activity; and

20 a buffer model type for defining a plurality of
buffer models, each buffer model representing rules for
controlling a flow of material between activities;

wherein the operation model type, buffer model
type, and resource model type each comprise a plurality

25 of fields defining attributes, the plurality of fields
including a plurality of extension selector fields that
allow a user to specify one of a plurality of optional
extensions incorporating additional fields and semantics
in addition to fields specified by the model type into

30 each model selecting the optional extension; and

wherein defined operation models, buffer
models, and resource models are stored as nodes in an
interrelated process network model, the process network
model formed by a plurality of operation models each

35 specifying buffer models from which material is consumed
and buffer models to which material is supplied and
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overtime being planned. Extensions selected for the resourﬂjﬂﬁﬂﬂ"ﬂﬂﬂﬂﬂﬂl"l
cause corresponding extensions to be selected for any resounk e alaet SI*
that refers to the resource nodel. Those 30 extensions add fields anhd
semantics that correspond with the semantics of the resource nodel. For

exanpl e, an extwapsigagggmay add m ni num and maximumlimts for pcy,ggdéﬁ) s't?g
fields of the resource nodel, and a corresponging extension may a ? e

pl anned value as a field of the 35 resour ce- pl an nodel .

specifying resource models having capacity used in

: performing the activity specified by the operation model,
such that both material and capacity usage are

- simultaneously represented along with timing constraints

5 between activities.
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Buf et Node "ot eae oMl ll!ﬁjﬂﬂﬂlll I
Buf fer Model Type The buffer nodel type is used to create b

whi ch nmanage itenms consuned and/ or produced in the nodel ed process

ot her words, a buffer nodel 5 represents the nanagenent of a partlcular
item The buffer nodel type may have extensions that represent constraints
such as mi ni nunYQAY° i mum i nventory |l evels. Additionally, tH/BpPWPo

nodel type nmay have an extension that defines43rdering policies such as
| ot-for-1lot, or

40. The computer system of Claim 39, wherein the
computer software system further comprises:
an operation-plan model type for defining a
5 plurality of operation-plan models, each operation-plan
model representing a planned activity to be performed
during a particular period in order to achieve a
particular purpose;
a resource-plan model type for defining a plurality
10 of resource-plan models, each resource-plan model
representing an amount of available capacity and planned
usage of the available capacity by operation-plan models;
and
a buffer-plan model type for defining a plurality of
15 buffer-plan models, each buffer-plan mocdel representing
planned flow of material that controlled by the buffer-
plan model as a result of planned operation-plan models;
wherein the operation-plan model types, buffer-plan
model types, and resource-plan model types each comprise
20 a plurality of fields that define attributes, including a
plurality of extension selector fields corresponding to
operation, buffer, and resource model type fields and
specifying corresponding extension of a plurality of
optional extensions which incorporate additional fields

25 and semantics into each model selecting the optional
extension in addition to those specified by the model
type; and

wherein the defined operation models, buffer models,

and resource models are stored as nodes in an

30 interrelated process-plan network model, the process-plan’
network model formed by operation-plan models specifying
buffer-plan models from which material is consumed and
buffer-plan models to which material is supplied and
specifying resource~-plan models having capacity planned

35 to be used in order to perform the activity specified by
the operation-plan model, such that both material and

O

This Sheet Has Been Replaced I THIS SHEET HAS BEEN—I

TR E Y




10 fixed size batches. A buffer nodel type extension ﬂm

a "safety stock"” that nmust be on hand at all tines in casenﬁﬂn ﬂ“}lﬂmmlﬂm
buf fer nodel manages the flow of materials to and from an opérafi oh nbdel .

A buffer nodel may provide 15 sheet nmetal to a press for starrpl ng the
sheet netal in ticular shape. As part of its definition

oper ati on rmde?vgv??/loﬁ%gpoi nt to the buffer node]s that it consd ﬁ%’ys?“f"m from
and to the buffer nodels that it supplies itets to. It is noted that a
defined buffer 20 nodel may not have an actual inventory associ ated
with it. Rather, the defined buffer nodel may sinply

capacity usage are simultaneously represented and
addressed along with operation timing constraints in
creating and managing a plan for the process.
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represent an itemflow control point. Alternatively, a buffer nodel may

mai ntain an inventory of itens sitting between operations. 25 The

Buf fer-Pl an Model Type A buffer-plan nodel type nmay be used to create

buf f er-pl an nodel s which represent .the planned availability and usage of
the capacity rq@&g@@@hed by buffer nodels. The buffer-plan nodel refers to
a buffer 30 whi ch defines the all owed behavi or. ThePQUYFP20%| an
nodel represents a choice anong the all owabl e behaviors, or even a choice
of a disallowed behavior (an infeasible pIaﬂXZ For exanple, the buffer-plan
nodel

16 20

18
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woul d i nclude the dates during which the buffer will run 35 overtine.
The buffer nodel represents the options for WO 97/ 00488

PCT/ US96/ 09909 16 perform ng overtine, whereas the operation-plan nodel
represents a choice of the overtinme being planned. Extensions selected for
the buffer nodgl o¢ggascause correspondi ng extensions to be sepefiigsnbgeys any

buffer- 5 pl an nodel that refers to buffer nodel. Those extensions
2/2
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ntics that espond with the semnti&m&&)‘f e9909
NN e

2 and mnimmand maxinmumlimts for a
TS
add the pl anned val

d d t
Jand a correspondi ng exygEAIGRY TG 199
Model FIGURE 1 is a*-or

aphi cal representatizan of a portion 15 of a
process network nodel indicated generally at 10 according to the teachings
of the present invention. A process network nodel is a set of user defined

nodel s which may bg stoneddrd 30 EYHRIm TP mbdelig S0 ibeess

capability for use in process planning on the computer

system, the computer system comprising:
a plurality of operation models defined from an

5 operation model type and stored by the computer system,

each operation model representing an activity that can be
performed by a process;
a plurality of resource models defined from a

N resource model type and stored by the computer system,

- 10 each resource model representing capacity available for
use in performing an activity and rules for allocating
capacity to the activity, the activity represented by an
operation model; and

a plurality of buffer models defined from a buffer

15 model type and stored by the computer system, each buffer
model representing rules for controlling a flow of
material between activities, the activities represented
operation models;

the operation model type, buffer model type, and

20 resource model type each having a plurality of fields
defining attributes, the plurality of fields including a
plurality of extension selector fields that allow a user
to specify one of a plurality of optional extensions
incorporating additional fields and semantics in addition

25 to fields specified by the model type into each model
selecting the optional extension; and

a process network model, stored by the computer
system, interrelating the operation models, the buffer

models, and the resource models as nodes;
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node M"‘gﬁ"lg'l‘{”ﬁ‘mﬂm e, the user's factory which is to mlusbg @!9990{

mana nuf acturing process. A user defi nesm %pg "997
net wor k 10" of " FI'GURE 1 by sel ecting nodel types and the appropri
extensions of these nodel types, as described above, to form nodels of the

el ements of the users' process. The nodes?3n process 25 net wor k nodel

10 may be connected together in many different ways to achi eve different
results. Process network nodel 10 represents all of the possible

I nt erconnecti ons betewerotdss usetworek | nede hofietsed Foy eb:anplerapibgeeﬁ

network nodel 10 of FIGURE 1, in part cOo sts of _fo ope on
nmodel s, 11, ]QPGQ§$qu_@9EpH% éac spec1g;1ng bu Pfér mogéls grc & ﬁ B

material is consumed and buffer models to which material
is supplied and specifying resource models having
5 capacity used in performing the activity specified by the
operation model;
such that both material and capacity usage are
simultaneously represented by the process network model
- along with timing constraints between activities.
190
2. The computer system of Claim 1, further
comprising:
a plurality of operation-plan models defined from an
operation-plan model type and stored by the computer
15 system, each operation-plan model representing a planned
activity to be performed during a particular period in
order to achieve a particular purpose;
a plurality of resource-plan models defined from a
hal resource-plan model type and stored by the computer
20 system, each resource-plan model representing an amount
of available capacity and planned usage of the available
capacity by operation-plan models; and
a plurality of buffer-plan models defined from a
buffer-plan model type and stored by the computer system,
25 each buffer-plan model representing planned flow of
material that controlled by the buffer-plan model as a
result of planned operation-plan models;
the operation-plan model types, buffer-plan model
types, and resource-plan model types each having a

30 plurality of fields that define attributes, including a
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and ym m}m mni l’ 16, 18, 20 and 22. Material may flo $6/0990
vari ﬂ ess network nodel 10. QOperation nodel 1 It t\UG 1gc
may repreéseht ®hé aét of stanping a piece of sheet netal int -
35 different predeternined shapes as nodel ed by operation nodels 12,

13, 14 and 15. Additionally, buffer nodel 416 WD 97/ 00488

PCT/ US96/ 09909 17 and 18 may supply two different types of sheet netal.

plurality of extension selector fields corresponding to
operation, buffer, and resource model type fields and
specifying corresponding extension of a plurality of
optional extensions which incorporate additional fields
5 and semantics into each model selecting the optional
extension in addition to those specified by the model
type; and
a process-plan network model, stored by the computer
- system, interrelating the defined operation models, the
.v. 10 buffer models, and the resource models as nodes;
the process-plan network model formed by operation-
plan models specifying buffer-plan models from which
material is consumed and buffer-plan models to which
material is supplied and specifying resource-plan models
15 having capacity planned to be used in order to perform
the activity specified by the operation-plan model;
such that both material and capacity usage are
simultaneously represented and addressed along with
d operation timing constraints in creating and managing a

20 plan for the process.

3. The computer system of Claim 1, wherein the
operation model type has associated with one of the
' extension selectors a plurality of extensions that define
25 behavior as a sequence of other operations, with varying
rules on how the sequence may be ordered or may spread

out in time.

! REPLACED
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Theiﬂﬂ“l"ﬂmm B”mﬂss network nodel 10 shown in FIGURE 1 sm v9r6l/09 90

al t fl ow paths. For exanple, sheet netal be 19
by buffér 5 " S16*to operation 13 and then to buffer 20. 9 AUG
sheet nmetal nay be provided by buffer 16 to operation 14 and then buffer
22. Sheet netal may be provided by buffer 28 to operation 14 and then to
buffer 20. Alternatively, sheet netal may be provided by buffer 18 10
to operation 15 and then buffer 22. Process network nodel 10 represents the
possi bl e routes tha4. matehe atompytétowysted OfoCkssmtp, behabdeéhed. The
software system of the present invention uses the ) )
the operation model type has associated with one of
the extension selectors a plurality of extensions that
define behavior as a sequence of other operations, with
5 varying rules on how the sequence may be ordered or may
spread out in time; and
the operation-plan model type has a plurality of
extensions each corresponding to each of the extensions
- of the operation model type, which represent extension-

10 specific choices for a particular plan for the process.

5. The computer system of Claim 1, wherein the
operation model type has associated with one of the
extension selectors a plurality of extensions that define

15 behavior as one of several other operation models, with
varying rules on how a single one of those operation

models is chosen to be performed.

— 6. The computer system of Claim 2, wherein:

20 the operation model type has associated with one of
the extension selectors a plurality of extensions that
define behavior as one of several other operation models,
with varying rules on how a single one of those operation
models is chosen to be performed; and

25 the operation-plan model type has a plurality of
extensions each corresponding to each of the extensions
of the operation model type, which represent extension-

specific choices for a particular plan for the process.

THIS SHEET HAS BEEN Sheet Has Been Replaced

REPLAGED —— T




i nfor s network nodel to create plans qﬁl 96/09909
| rr{ol eﬂﬁmﬂmmumgﬂﬂmm mtat er |kal gl l)Wt pat h tE) mF))LJeI algro%slg AUG 199/

i nt er connect éd flodés bf the process network nodel used to r
particular plan nmay be referred to as a plan network nodel or plan. The
software system of the present invention %ﬁy 20 create a plan network
nodel as a result of several different events. In general, a plan network
nmodel provides definitions as to quantities and timng for el enents of the
model . For exanpl e7. theTheveuMpuyereSEStémroénclaemlhanugedeby ahearticul ar
buffer nodel may dro bel ow an al | owabl e IeveL n_kespanse, t he
process op ratl n model type has associated wit on of the

extension selectors a plurality of extensions that define

behavior as a set of other operations each having

5 individual precedence constraints, with varying rules on

how the set of operations is planned.

8. The computer system of Claim 2, wherein:
- the operation model type has associated with one of
10 the extension selectors a plurality of extensions that
define behavior as a set of other operations each having
individual precedence qonstraints, with varying rules on
how the set of operations is planned; and
the operation-plan model type has a plurality of
15 extensions each corresponding to each of the extensions
of the operation model type, which represent extension-
specific choices for a particular plan for the process.
o 9. The computer system of Claim 1, wherein the
20 operation model type includes a plurality of extensions
that define behavior as a sequence of other operations,
as cone of several other operation models, and as a set of
other operations each having individual precedence
constraints, such that a complex hierarchy of operation
25 models can be formed in order to represent complex
processes with alternatives, sequences, and precedence

constraints.
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netvvo m‘mmm“mwﬂ“ te a plan network nodel for repleni m&shgé/og 9OC

I nven nodel . Alternatively, a plan may
t he préceSs networfk m)del in response to custoner orders. WSTSJ%]QE ]997

software system of the present invention may create a plan network nodel as
foll ows. For each activity in a user's protess, the software system creates
an operation plan nodel from an operation-plan nodel type using extensions
fromthe correspondi ng operation nodel. 35 The system provi des the

opgr at Ihon pl an nodeh, Withe t EEmSteet SpscEndotatesimad | ewnateisel ections,
and other the operation model type includes a plurality of
extensions that define behavior as a sequence of other
operations, as one of several other operation models, and
5 as a set of other operations each having individual
precedence constraints, such that a complex hierarchy of
operation models can be formed in order to represent
complex processes with alternatives, sequences, and

~ precedence constraints;

— 10 the operation-plan model type has a plurality of
extensions each corresponding to each of the extensions
of the operation model type, which represent extension-
specific choices for a particular plan for the process;
and

15 a plan for a complex process can be represented with

all decisions to be made in order to define a particular

plan.

- 11. The computer system of Claim 1, wherein the
20 resource model type has associated with one of the
extension selectors a plurality of extensions defining
fields and semantics that each describe how an efficiency

of the resource model changes over time.

25 12. The computer system of Claim 2, wherein:
the resource model type has associated with one of

the extension selectors a plurality of extensions
defining fields and semantic that each describe how an

efficiency of the resource model changes over time; and
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18 inf o forma plan for a particul ar exeg
operatlmmlmmlmﬂmﬁmtource nodel that is used by an operaﬁﬁgﬁﬁ?&qgog
sof twar®e Systenf'criat’es a resource plan nodel froma resour IJG1997
type and the extensions corresponding to the resource nodel. The system

provi des the resource plan nodel with all2sf the capacity reservations

pl aced on it by the operation plan nodels. For each buffer nodel from which
items are consuned or to which itens are supplied by an operation plan, the

Sof tvare SySt em crigal %db buld 851 i afbdBrielyls oma bufesaplap spdel type

and the extensions of a correspondi ng buffer
extensions each corresponding to each of the extensions

of the resource model type, which represent extension-

specific choices for a particular plan for the process.

13. The computer system of Claim 1, wherein the
resource model type has associated with one of the
extension selectors a plurality of extensions defining

= fields and semantics that each describe a maximum size of
~ 10 operation models that simultaneously use a resource

model.

14. The computer system of Claim 2, wherein:
the resource model type has associated with one of
15 the extension selectors a plurality of extensions
defining fields and semantics that each describe a
maximum size of operation models that simultaneously use
a resource model; and
the resource-plan model type has a plurality of
20 extensions corresponding to each of the extensions of the

resource model type, which represent extension-specific

choices for a particular plan for the process.

15. The computer system of Claim 1, wherein the
25 resource model type has associated with one of the
extension selectors a plurality of extensions that define
fields and semantics that each describe when maintenance

operations should be planned.
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The sml]mwmm Hﬁl“‘l‘le buffer plan nodel with inventory Im%gl/ngggo
pol i ci 3 % Ihie I nformati on needed to plan the mana eA G1997
flowof itens in the process. The various plan nodels interact to create a
schedul e of events to inplenent the nodel ed process to produce a sel ected
quantity of output. Plan Network Model FI@IRE 2 is a graphical

representation of a plan network nodel for producing, for exanple, bicycle
fenders in a predeterm ned process. For purposes of FIGURE 2, it is assuned

that a user has preei.ougihe dehipieera sSidtemmeifvaliaifad, nghdddeief: t he
operation-plan, buffer-plan, and resource-plan nodels necessary to nodel
t he user's physi catheagieisiouires mededr do@ses hagg@dssaated Mithespenef to a

but fer- plan, SR8 PECOPLER PR SRSHEE Pedth e 1o e EAH TERGTS Ak cat s
plan nodels. Ha¢ihkOWields and semantics that each describe when
5 maintenance operations should be planned; and
the resource-plan model type has a plurality of
extensions corresponding to each of the extensions of the
resource model type, which represent extension-specific

T choices for a particular plan for the process.

17. The computer system of Claim 1, wherein the
resource model type has associated with one of the
extension selectors a plurality of extensions defining
fields and semantics that each describe how operation

15 plans should be padded to compensate for variability of a

resource model.

18. The computer system of Claim 2, wherein:
the resource model type has associated with one of
20 the extension selectors a plurality of extensions
defining fields and semantics that each describe how
operation plans should be padded to compensate for
variability of a resourée model; and
the resource-plan model type has a plurality of
25 extensions corresponding to each of the extensions of the
resource model type, which represent extension-specific

choices for a particular plan for the process.
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fil 9;?08488 I ment of the present inventi ‘Pewssfy mij 195

PCT/ US96/ 09909 19 The storage space hol ding sheet netal for creating
bi cycle fenders is represented by resource&Q®l an nodel 32. At operation-plan

nodel

33,

sheet neta

| fromresource- plan nodel 32 is made available in

buf f er - pl an nodel 34.
19. The computer system of Claim 1, wherein:

10

15

20

25

30

the resource model type has associated with one of

the extension selectors a plurality of extensions

defining fields and semantics that each describe how an

efficiency of the resource model changes over time,

describe a maximum size of operation models that

simultaneously use a resource model, describe when

maintenance operations should be planned, and describe

how operation plans should be padded to compensate for

variability of a resource model;

such that a wide variety of resource models can be

represented in one network without greatly increasing

complexity of each resource model requiring only a small

subset

of the overall software system modeling

capabilities.

20. The computer system of Claim 2, wherein:

the resource model type has associated with one of

the extension selectors a plurality of extensions

defining fields and semantics that each describe how an

efficiency of the resource model changes over time,

describe a maximum size of operation models that

simultaneously use a resource model, describe when

maintenance operations should be planned, and describe

how operation plans should be padded to compensate for

variability of a resource model; and

the resource-plan model type has a plurality of

extensions each corresponding to each of the extensions

of the

resource model type, which represent extension-

specific choices for a particular plan for the process;
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5 ﬁ“lllﬁnluﬂlmumﬁ 34 manages the flow of sheet netal 44 96/09 90‘
oper at , the sheet netal is stanped into a ' QgeAUG 1997
shape fér the féndér.*Stanp operation- plan nodel 36 requires '
resource-plan nodels. First, resource-plan nodel 38 conprises an industrial
press with 10 a die selected to press3the sheet netal into a

predeterm ned shape. It is noted that the die nay be nodel ed as a separate
resource. A second resource-plan nodel 40 for operation-plan nodel 36 nmay

be a laborer that QpehAkestPRLESA deCYRAHIGRYDIGEN rERdRlrc@B molfels and a

Buf fer-plan nodel 42 manages the flow of pressed sheet netal from

oper ati on- pl aplaadéor3eatch ofertsiei gesource models containing all
decisions regarding capacity can be represented in one
network without greatly increasing complexity of each

5 resource model requiring only a small subset of the

overall software system modeling capabilities.

21. The computer system of Claim 1, wherein the
. buffer model type has an operation that defines how
— 10 material managed by a buffer is stored, and the specified
operation model can be extended to specify different

scrap factors.

22. The computer system of Claim 2, wherein the
15 buffer model type has an operation that defines how
material managed by a buffer is stored, and the buffer-
plan models create operation-plan models to store the

material managed by the buffer.

20 23. The computer system of Claim 1, wherein the
buffer model type has an operation that defines how
material is received into a buffer and how the material

is picked from the buffer.

25 24. The computer system of Claim 2, wherein:
the buffer model type has an operation that defines
how material is received into a buffer and how material

is picked from the buffer; and

THIS SHEET HAS BEEN
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an i on- pl an node e pressed she l 09909
Bl’ii nt gﬂmmmm"m;"mﬂl Eion B: an m)cdie: 22 mtac uge resgurgyﬁgﬁ%é N@G 1997

and 48 such ds & vit f 20 paint and a | aborer. The final step in
preparing the fender is to dry the paint. Buffer-plan nodel 50 rmanages the
flow of material from painting operation-$%an nodel 44 to drying
oper ati on-pl an nodel 52. Qperation-plan nodel 52 25 utilizes a
resource-plan nodel 54 that may conprise an oven or other appropriate
heati ng el ement t ol youfife paphdn m@:aélﬂgcreswrcpemaﬁonaplbénSAOdels
operated by resource-plan nodel 56 which gre,sent a | aborer.

to receive each lot of materla pick each lot

consumed.

5 25. The computer system of Claim 1, wherein:
the buffer model type has an operation that defines
how material managed by a buffer is stored, and the
specified operation model can be extended to specify
different scrap factors and has an operation that defines
10 how material is received into a buffer and how the
material is picked from the buffer;
such that a wide variety of resource models can be
represented in one network without greatly increasing
complexity of each resource model requiring only a small
15 subset of the overall software system modeling
capabilities; and
such that a complex hierarchy of operation models
can be formed to represent complex processes with many
alternatives, sequences, precedence constraints.
20 26. The computer system of Claim 2, wherein:
the buffer model type has an operation that defines
how material managed by a buffer is stored, and the
specified operation model can be extended to specify
different scrap factors and has an operation that defines
25 how material is received into a buffer and how the
material is picked from the buffer; and
the buffer-plan models create operation-plan models
to receive each lot of material and pick each lot
consumed and to store the material that is managed by the

30 buffer at all times;
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The dr| ﬂmﬂgﬂo!mm‘m I ed from buffer-plan nodel 60 30 m B&&&J Ong 9(
a stora y resource-plan nodel 58 by operati _ I {
57. Fam'I+ €s es | N e process and pl an network ?/mdgl S m S[I(ge AUG 19

interrelated with common elenents in a hierarchical order referred to as
famlies. Each node can have only one V% 97/ 00488
PCT/ US96/ 09909 20

such that a wide variety of resource models and a
plan for each of those resource models containing all
decisions regarding capacity can be represented in one
network without greatly increasing complexity of each

5 resource model requiring only a small subset of the
overall software system modeling capabilities; and

such that a complex hierarchy of operation models
can be formed to represent complex processes with many

~, alternatives, sequences, precedence constraints, and a
- 10 plan for such a complex process can be represented with
all the decisions to be made in order to define a

particular plan.

27. The computer system of Claim 25, used to model
15 a manufacturing process wherein:
operation models are used to represent traditional
manufacturing operations, routings, bills-of-material,
and storage; resource models are used to represent
machines, tools, fixtures, and labor; and buffer models
20 are used to represent SKUS, bins, buffers, or

inventories.

28. The computer system of Claim 26, used to model
and plan a manufacturing process wherein:

25 operation models are used to represent traditional
manufacturing operations, routings, bills-of-material,
and storage; resource models are used to represent
machines, tools, fixtures, and labor; and buffer models
are used to represent SKUS, bins, buffers, or

30 inventories; and
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famil y“um I “MLII IU Iat i onshi p, the children nodes inher 915/09 909
ext ens ues of their famly nodes unl ess the r? AUG ]99
speC|f|caI y overridden by the child. Any changes to fields of a parent

nodel are 5 effective for the child nodels that do not override those
fields. FIGURE 3 shows an exanple of the 3e of famlies for a resource

nodel . Resource nodels 70, 72 and 74 are all ovens. Resource nodel 70 is

the fam|ly. Resource nodels 10 72 and 74 are the children. Both

resource nodel 72 gpélra€seHrFEanB(eleddnPa¥EpBhhs OhndNBusAER-SXLARESLPAS as
resource nodel 70. Model 72 inherits all values from
used to represent corresponding plans for those entities.

29. The computer system of Claim 25, used to model
5 a distribution network wherein: operation models are used
to represent transport, loading, unloading, storage,
receiving, picking, palletizing, and packaging activities
and traditional bills-of-distribution; resource models
_— represent docks, trucks, pallets, forklifts, labor, and
Hn_ 20 storage facilities; buffer models represent SKUS, bins,

and inventories.

30. The computer system of Claim 26, used to model
a distribution network wherein:

15 operation models are used to represent transport,
loading, unloading, storage, receiving, picking,
palletizing, and packaging activities and traditional
bills-of-distribution; resource models represent docks,
trucks, pallets, forklifts, labor, and storage

20 facilities; and buffer models represent SKUS, bins, and
inventories; and

operation-plans, resource-plans, and buffer-plans
are used to represent corresponding plans for those
entities.

25

31. The computer system of Claim 25, used to model
a manufacturing process wherein:

operation models are used to represent traditional
manufacturing operations, routings, bills-of-material,

30 and storage; resource models are used to represent
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nodel erits all values except it has a la n ? C
h| gheHmIH nmmmm IH“] Use of families allows pl amtzgdﬁfﬁg nt90 ‘
| evel s* 1h thig edanple, the information stored at the nodfF?ﬁ&ﬁ* r

nodel 70 may be used to perform aggregate planning. Wereas ﬁﬂ'g?néﬂﬁ)r1997
stored at the nodes for resource nodels %A% and 74 may be used to perform

nore 20 detailed plans as to what particular ovens are to be used for
particul ar operations. Date Effectivity Famlies may be used to provide an

efficient mpnemigs, cddidhiGikdiGddahfy ANANGES 4 HUPES mod¥ie

effective
are used to represent SKUS, bins, buffers, or

inventories; and
operation models are used to represent transport,
5 loading, unloading, storage, receiving, picking,

palletizing, and packaging activities and traditional
bills-ocf-distribution; resource models represent docks,
trucks, pallets, forklifts, labor, and storage

- facilities; buffer models represent SKUS, bins, and

— 10 inventories;

such that a full supply chain can be modeled.

32. The computer system of Claim 26, used to model
and plan a manufacturing process wherein:

15 operation models are used to represent traditional
manufacturing operations, routings, bills-of-material,
and storage; resource models are used to represent
machines, tools, fixtures, and labor; and buffer models
are used to represent SKUS, bins, buffers, or

20 inventories;

operation models are used to represent transport,
loading, unloading, storage, receiving, picking,
palletizing, and packaging activities and traditional
bills-of-distribution; resource models represent docks,

25 trucks, pallets, forklifts, labor, and storage
facilities; and buffer models represent SKUS, bins, and
inventories; and

operation-plans, resource-plans and buffer-plans are

used to represent corresponding plans for those entities;
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chan erally affect only a small nunber Ofems)t I (
fiel 3H|I“m||mnﬂm>uzﬂmedl ous and error-prone to have to nai ifI, fgor6 /09 90
exanpl*e, cmahy § nadependent copies of the same information i iy

vari ations. 30 The principle of inheritance in famli egmg%getﬂug 1997
efficiently inplenent date effective champes to a nodel. As shown in Fl GURE

3, gas oven resource nodel 78 is only valid until a specified day, DATE.
Begi nni ng on DATE, electric oven resource 80 nust be inplenmented. A date 35

effective field ofgyesounse £8r@ittatgsiihahats 8B B8 ¥odeled and
planned.

33. The computer system of Claim 25 used to model
5 project plans wherein: operation models are used to
represent requirements gathering, design, testing,
prototyping, tooling, and production; resource models are

used to represent the labor, machines, tools, and

o testers; and buffer models represent various milestones
-~ 10 to be achieved in order to move from one activity to
another.

34. The computer system of Claim 26 used to model
project plans wherein:

15 operation models are used to represent regquirements
gathering, design, testing, prototyping, tooling, and
production; resource models are used to represent the
labor, machines, tools, and testers; and buffer models
represent various milestones to be achieved in order to

20 move from one activity to another; and

operation-plans, resource-plans, and buffer-plans
are used to represent corresponding plans for those

entities.

25 35. The computer system of Claim 25, used to model
a manufacturing process wherein:
cperation models are used to represent traditional
manufacturing operations, routings, bills-of-material,
and storage; resource models are used to represent

30 machines, tools, fixtures, and labor; and buffer models
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lmlmﬂﬂgmmmu}ﬁmlt he DATE. After the DATE, only resour cPGHID 906135@&90

A conput er systen1for nodel i ng a process pabi |
PEAUETS hUG 1997

for “précess bl anni'ng on a conputer; the conputer systen1co

oper ati on nodel

type nmeans for defining a plurality of operation nDdeIs

each operation nodel representing an activity that can be perfornmed by a

Process,;

are used to represent SKUS, bins, buffers, or

inventories;

operation models are used to represent transport,

loading, unloading, storage, receiving, picking,

5 palletizing, and packaging activities and traditional

bills-of-distribution; resource models represent docks,

trucks, pallets, forklifts, labor, and storage

facilities; buffer models represent SKUS, bins, and

inventories; and

operation models are used to represent reguirements

gathering, design, testing, prototyping, tooling, and

production; resource models are used to represent the

labor, machines, tools, and testers; and buffer models

represent various milestones to be achieved in order to

15 move from one activity to another;

such that a full supply chain can be modeled and a

supply chain and design activities involved in

introducing new products and phasing out old products

together with on-going production and delivery of

20 existing products can be represented.

36. The computer system of Claim 26, used to model

and plan a manufacturing process wherein:

operation models are used to represent traditional

25 manufacturing operations, routings, bills-of-material,

and storage; resource models are used to represent

machines, tools, fixtures, and labor; and buffer models

are used to represent SKUS, bins, buffers, or

inventories;
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resourlmllmm:“mﬂm‘HMEnS for defining a plurality of resojm' &&/Qa%hgoq

resour

ting capacity available for use in S?MG 1997

activity dnd‘rules®for allocating capacity to the activity

bei ng represented by an operation nodel; and buffer nodel type neans for
defining a plurality of buffer nodels, eaéB buffer nodel representing rules
for controlling a flow of naterial between activities, the activities being
represented by operation nodels; the operation nodel type, buffer nodel
type, and resourcecpetietibppmodatk bhaei nged pburebiregent tirahépodef,i ni ng

attri butes,
sel ector fiel

t

ge Lurality of fields including a plurality of extension
QaHpRE aPPORAS I NEer SEGYEHBei FRCEAR1BH  aPPFEABBIty of opti onal

TLF ol EELPS S U el O T

fields specified

5

.f"”\__
10
15
20
25

ype eac ctirng € Optiona
bills-of-distribution; resource models represent docks,

trucks, pallets, forklifts, labor, and storage
facilities; and buffer models represent SKUS, bins, and
inventories; and

operation models are used to represent requirements
gathering, design, testing, prototyping, tooling, and
production; resource models are used to represent the
labor, machines, tools, and testers; and buffer models
represent various milestones to be achieved in order to
move from one activity to another; and

operation-plans, resource-plans, and buffer-plans
are used to represent corresponding plans for those
entities;

such that a full supply chain can be modeled and
planned and such that a supply chain and design
activities involved in introducing new products and
phasing out old products together with on-going
production and delivery of existing products can be

represented and planned.

37. The computer system of Claim 1, wherein each
operation model may specify another operation, each
resource model may specify another resource, and each
buffer model may specify another buffer as its family and
may specify a number of fields as inherited from that

family, thereby allowing the fields to be changed in the
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exéenﬂm"r\m!mmuﬂﬁt Inet wo(rjk hrmdel nmeans fo(r:I :nterrel 3tig!_ N&%ée/api%ngog
node el s and the resource nodel s as node ‘
interrel ated process network nodel; the process network QMS%Q &qu1gg7
by the plurality of operation nodels each specifying buffer nodels from
which material is consuned and buffer no@3 s to which material is supplied
and specifying resource nodels having capacity used in performng the
activity specified operation nodel; 23
family by a user, and result in changes to all models

that inherit that field.

38. The computer system of Claim 37, wherein each
5 operation model, resource model, and buffer model that
specifies a family can also specify a range of dates
during which the model is effective such that outside of
the range the model is modeled as if the model does not
exist.

10
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such umummll ljﬂl&l and capacity usage are simul taneommgeée‘tgg 90C
by th nodel along with timng constraints mlg AUG‘gg-
activities. he” conput er systemof claim1, further

oper ati on- plan nodel type nmeans for defining a plurality of operation-pl an
nodel s, each operation-plan nodel represesting a planned activity to be
performed during a particular period in order to achieve a particul ar

pur pose; resource-plan nodel type neans for defining a plurality of

resource-plan nodeis, eﬁC@orﬁﬁéegfcngtéﬁ podelxLenf eagnthnguagranount of
avai |l abl e capacity and pl anned usage of the availabl e capacity by

oper ati on- pl asofineets ; fandmbdé I eng ph aprovees typabikatyg, f bhe debmpungra
plurality of buffer-plan nodels, each buffer-plan nodel representing
pl anned f1 ow S¥SHRR FPBPTFERTi s control | ed by the buffer-plan nodel as a

result of planned opglali Qs PLAD GRIELE operable to store data

5 relating to a model of process capability;
an execution memory operable to store data
representing computer software; and
a processor coupled to the data storage device and
- to the execution memory, the processor operable to
- 10 execute the.computer software, wherein the computer
software system comprises;

a plurality of operation models defined from an
operation model type, each operation model representing
an activity that can be performed by a process;

i5 - a plurality of resource models defined from a
resource model type, each resource model representing
capacity available for use in performing an activity and
rules for allocating capacity to the activity; and

a plurality of buffer models defined from a

20 buffer model type, each buffer model representing rules
for controlling a flow of material between activities;

the operation model type, buffer model type,
and resource model type each having a plurality of fields
defining attributes, the plurality of fields including a

25 plurality of extension selector fields that allow a user
to specify one of a plurality of optional extensions
incorporating additional fields and semantics in addition
to fields specified by the model type into each model

selecting the optional extension; and
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th types, buffer-plan nodel types, 9n909
mgeFTﬂumﬂﬂEmuﬂ“lWNQ a %Fural | 'ltJy of 1I‘O| el ds that égfl ne J‘r‘ﬁ?e@ia
i ncludi‘ng®a pl Uralsity of extension selector fields corresp ng AUG ]997

operation, buffer, and resource nodel type fields and speci

correspondi ng extension of a plurality of4loptional extensions which

I ncorporate additional fields and semantics into each nodel selecting the
optional extension in addition to those specified by the nodel type; and

process-plan network W%d%ird&?é‘ss Hetwd i %dﬁlatlﬂ&ﬁﬁ&aﬁm{gatﬂw nmodel s,
the buffer nodels and the resource nodels as nodes in an interrel ated

process- pl an opstrasriiomuusigl £ heé e dodsfspinodelst wend rddelrdssiured or med by
oper ati on- pl an del s 3&90|fy|ng buf fer-plan nodels fromwhich material is
consuned and"ﬂ‘?giegr

the process network model formed by a plurality
5 of operation models each specifying buffer models from
which material is consumed and buffer models to which
material is supplied and specifying resource models
having capacity used in performing the activity specified
by the operation model;
\\, 10 such that both material and capacity usage are
simultaneously represented by the process network model

along with timing constraints between activities.

40. The computer system of Claim 39, wherein the
15 computer software further comprises:
a plurality of operation-plan models defined from an
operation-plan model type, each operation-plan model
~ representing a planned activity to be performed during a
particular period in order to achieve a particular
20 purpose;

a plurality of resource-plan models defined from a
resource-plan model type, each resource-plan model
representing an amount of available capacity and planned
usage of the available capacity by operation-plan models;

25 and

a plurality of buffer-plan models defined from a
buffer-plan model type, each buffer-plan model
representing planned flow of material that controlled by
the buffer-plan model as a result of planned operation-

30 plan models;
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nodel 3'“““%"'“@%”{“& al s supplied and specifying resou?ﬂ n réJng 90

havi n nned to be used in order to perfor
speci fi'ed “by*t he operati on-pl an nodel ; such that both materral an capJ%v§§199’

usage are simultaneously represented and addressed along with operation
timng constraints in creating and managi42g a plan for the process. 3.

The conputer systemof claim2, wherein the operation-plan nodel type has a
plurality of extensions each corresponding to each of the extensions of the

the operation-plan model types, buffer-plan model
types, and resource-plan model types each having a
plurality of fields that define attributes, including a
plurality of extension selector fields corresponding to
5 operation, buffer, and resource model type fields and
specifying corresponding extension of a plurality of
optional extensions which incorporate additional fields
and semantics into each model selecting the optional

S extension in addition to those specified by the model

-\, 10 type; and

a process-plan network model interrelating the
operation models, the buffer models, and the resource
models as nodes, the process-plan network model formed by
operation-plan models specifying buffer-plan models from

15 which material is consumed and buffer-plan models to
which material is supplied and specifying resource-plan
models having capacity planned to be used in order to

o perform the activity specified by the operation-plan
model ;

20 such that both material and capacity usage are
simultaneously represented by the process-plan network
model and addressed aloﬁg with operation timing
constraints in creating and managing a plan for the

process.
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operation nodel type, which represent extension-specifi@éftffﬁgl“—’b@s’ﬁor a
particular plan for the process. 4. The conputer systenp?%f any preceding
claim wherein the operation nodel type has associated with one of the
extension selectors a plurality of extensions that define behavior as a
sequence of other operations, with varying rules on how the sequence may be
ordered or may spread out in tine. 5. The conputer system of any
preceding claim wherein the operation nbdel type has associated with one
of the extension selectors a plurality of extensions that define behavior
as one of several other operation nodels, with varying rules on how a

singl e one of EXTENSIBEEMODEDNNEIWORKRBPRRESENTAETION SYSEEM BOR  The

conput er system of any precedi ng_cl ai ' he operation nodel type
has associated with one of the e?&‘@ﬁgﬁ]&gg s a plurality of

ext ensi ons

The invention relates in general to the field of process planning. More
particularly, the invention relates to an extensible model system architecture for
integrated material and capacity planning, and integrated factory and distribution
planning.

Manufacturers and distributors commit to time critical production and delivery of
goods as a regular part of their business. Often, the manufacturing and distribution
process is complex, having many different material and capacity constraints that
simultaneously affect the implementation of the process. Due to the complexity of the
processes, many different software tools have been developed to help manufacturers and
distributors ptan. Most such tools only address narrow parts of the overall planning
process. Several unrelated tools may be required to fully plan a process.

International application W091/17494 describes a computer system for
dynamically modeling information systems of organisations. The system includes a
plurality of editors which enable a user to interact with the system and an adaptive
window system. The computer system provides an information modeller, a process
modeller, a function modeller and a logic modeller for creating, analysing and modifying
design data associated with each modeller. The system also includes a filter for creating a
subset of a model established by the modeller. The modellers are dynamically interlinked
so that a change to one design data set will affect a corresponding change in other design
data sets.

US-A-5,229,948 describes a method of optimising a multi-stage serial
manufacturing system. The system provides a quantitative state-space
model of the serial manufacturing system which describes processing in terms of
sensitivity information and performance in terms of part production and

storage/retrieval. The description uses process switches in the form of buffer

REPLACEMENT SHEET
16 DEC 1993

status indicators that express coupling between stages. The




t hat define behavior as a set of other operations each having individual
precedence constraints, with varying rules on how the set of operations is
pl anned. 25 7. The conputer system of any preceding claim wherein
the operation nodel type includes a plurality of extensions that define
behavi or as a sequence of -other operations, as one of several other
operation nodadysteandlas sefsbsofiewtdwmrsioperiatyl dnsosaah ibayithgti nekswl ckial

precedence Sorhif Sl $4hg! 18k MSUEISLIE Seliop! ahsr Sl onyange!
sequences, and:gireregdig@tednsysaentgerformance information. The system
also adjusts performance information by iteratively using
the new sensitivity information in an optimisation
algorithm. The adjustment step is carried out
simultaneocusly with the simulation.

US patent US-aA-5,331,545 describes a system and-method
for planning support. The planning support system and
process 1is provided in a workstation having an operator
interface. A planner model has data indicating a plurality
of planning actions and indicates flow amcong the planning
actions. It also indicates process times of the planning
actions. A first planning action to be executed Iis
determined according to the planner model on the basis of
an operator model. A second planning action to be executed
following the first planning action can also be determined
including a step of storing data needed for processing of
the second planning action. Parts of a model of the
planning work usually performed by a man can be carried out
by the computer, such that the planner is abla to operate
at his or her working pace.

In accordance with the invention, there is prowvided a
computer system for modeling a process capability for
process planning on a computer, the computer system
comprising: operation model type means for defining a
plurality of operation models, each operation model
representing an activity that can be performed by a
process; resource model type means for defining a plurality
of resource models, each resource model representing
capacity available for use in performing an activity and
rules for allocating capacity to the activity, the activity
being represented by an operation model:; and buffer model
type means for defining a plﬁrality of buffer models, each
buffer model fepresenting rules for controlling a flow of
material between activities, the activities being

represented by operation models; the operation model type,
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8. The conputer systemof claim2, wherein: the operation nodel type

I ncludes a plurality of extensions that defi ne behavi or as a sequence of

ot her operations, as one of several other operation nodels, and as a set of
ot her operations each having individual precedence constraints, such that a
conpl ex hierarchy of operation nodels can be fornmed in order to represent
conpl ex processes with alternatives, sequences, and precedence constraints;
and the operation-plan nodel type haszai%urality of extensions each
correspondi ng to each of the extensions t he operation nodel type, which
represent extension-specific choices for a particular plan for the process;
such that a plan for a conpl ex process can be represented with al

deci si ons timffer madid type, emdaesdurcel giodebtypeach havingra plugality of fields
defining attributes, the plurality of fields including a plurality of extension selector
fields that allow a user to specify one of a plurality of optional extensions
incorporating additional fields and semantics in addition to fields specified by the
model type into each model selecting the optional extension; and process network
model means for interrelating the operation models, the buffer models and the
resource models as nodes in an interrelated process network model; the process
network model being formed by the plurality of operation models each specifying
buffer models from which material is consumed and buffer models to which
material is supplied and specifying resource models having capacity used in
performing the activity specified by the operation model; such that both material
and capacity usage are simultaneously represented by the process network model

along with timing constraints between activities.
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9. The conputer system of claim8 when dependent on claim 2, wherein the
resour ce-plan nodel type has a plurality of extensions each correspondi ng
to each of the extensions of the resource nodel type, which represent
extensi on-specific choices for a particular plan for the process. 26 10.
The conputer system of any preceding claim wherein the resource nodel type
has associated with one of the extension selectors a plurality of
extensions defining fields and semantics that each describe how an
efficiency of the resource nodel changeggover tinme.

The invention provides an extensible model system architecture for process
planning that eliminates or reduces problems with prior systems.

More particularly, in one embodiment, the present invention provides a
computer software system for modeling a process capability on a computer. The
computer software system comprises an operation model type for defining a
plurality of operation models. Each operation model represents an activity that can
be performed by a process. A resource model type is for defining a plurality of
resource models. Each resource model represents capacity available for use in
performing an activity and rules for allocating capacity to the activity. A buffer
model type is for defining a plurality of buffer models. Each buffer model
represents rules for controlling a flow of material between activities. The operation
model type, buffer model type, and resource model type each comprise a plurality
of fields defining attributes. The plurality of fields includes a plurality of extension
selector fields that each allow a user to specify one of a plurality of extensions that
augment a model with additional fields and semantics. The model type specifies a
base set of fields and semantics which includes fields that select extensions that
specify additional fields and semantics that can be added to a particular model.
The presence of a field in a model is dependent upon a value of another field in the
model. Defined operation models, buffer models, and resource models are stored
as nodes in an interrelated process network model. The process network model is
formed by a plurality of operation models-each specifying buffer models from
which material is consumed and buffer models to which material is supplied and
specifying resource models having capacity used in performing the activity

specified by the operation model.
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11. The conputer system of any preceding claim wherein the resource nodel
type has associated with one of the extension selectors a plurality of
extensions defining fields and semantics that each describe a nmaxi mum si ze
of operation nodels that sinultaneously use a resource nodel. 12. The
conput er system of any preceding claim wherein the resource nodel type has
associ ated with one of the extension selectors a plurality of extensions
that define fields and senantics that edth describe when maintenance
operations should be planned. 13. The conputer systemof claim8 or claim
9, wherein the resource nodel type has associated with one of the extension

sel ectors 18 finn 091 0\ Nl fo ' at each
descri be hgl\l/vﬁgger at F%r?e%ﬁl gﬁ&ﬁoﬁa?aggélggg%gg %rgkgﬁo%lp?dg%ggfggq? %i;égg%t%'?abi lity

of a resouakmgnwitletiming constraints between activities.

According to an embodiment of the invention, to model a plan for a
process, a plan network model is constructed upon the process network model. An
operation-plan model type is used to define a plurality of operation-plan models.
Each operation-plan model represents a plan for performing an activity
represented by an operation model. A resource-plan model type is used to define a
plurality of resource-plan models. Each resource-plan model represents a planned
usage of capacity represented by a resource model. A buffer-plan model type is
used to define a plurality of buffer-plan models. Each buffer-plan model represents
a planned flow of material represented by a buffer model. A plan network model is
formed by a plurality of operation-plan models each specifying resource-plan
models planned to be used in performing the activity specified by the operation-
plan. The nodes of the plan network model are built upon and refer to the nodes of
the process network model. The process network model represents possibilities of
what can be done, and the plan network model represents that which is planned to
be done.

According to a preferred aspect of the present invention, each model type
has one or more extension points that may be used to extend the basic model type
in order to support the information needed to create the user defined models. For
each extension point, a user may select an appropriate extension to model a
particular aspect of the user’s system.

According to another preferred aspect of the present invention, several
elements of a user’s process model may share data in a hierarchical fashion
referred to as families. A child model inherits all of the data of the parent model
unless it is specifically overridden by a designation in the child model. A software

system implementing the teachings of the present invention may provide for date

effectivity of models using the families feature. REPLACEMENT SHFE;
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14. The conputer system of any preceding claim wherein: the resource
nodel type has associated wth one of the extension selectors a plurality
of extensions defining fields and senmantics that each descri be how an
efficiency of the resource nodel changes over tine, describe a maxi num size
of operation nodels that sinultaneously use a resource nodel, describe when
mai nt enance operations shoul d be planned, and descri be how operation plans
shoul d be padded to conpensate for variability of a resource nodel; 27
such that a wide variety of resource nndel% can be represented in one

An embodiment of the present invention enables the use of extensions to
define the elements of the process or system being modeled because it reduces the
amount of data that needs to be stored in a memory device without reducing
modeling power. Data for each element of the modeled process is stored at a node
of a user model or process network model. The data stored at a node comprises
only the data for the fields corresponding to the extensions that are selected by the
user. The system does not store a zero quantity for each field not chosen by the
user. Therefore, the use of extensions reduces the size requirement for a memory
device in a system implementing the present invention.

A software embodiment of the present invention can be, but not
necessarily, implemented using object oriented programming. Use of object
oriented programming supports simultaneous use of multiple types of models for

the different elements of the planning problem.



network w thout greatly increasing conplexity of each resource nodel

requiring only a small subset of the overall software system nodeling
capabilities. 15. The conputer system of any preceding claim wherein the
buffer nodel type has an operation that defines how material managed by a

buffer is stored, and the specified operation nodel

can be extended to

specify different scrap factors. 16. The conputer systemof claim2 or any

one of clainms 3 to 15 when dependent thereon, wherein the buffer nodel

type

has an operation that defines how materi al6 managed by a buffer is stored,
and the buffer-plan nodels create operation-plan nodels to store the
managed by the buffer. 17. The conputer system of any preceding

mat eri al

claim wherein the buffer nodel type has an operation that defines how

mat eri al
buf f er.

i s r edénbedimerite ofi theuihientianarehdeactiber, oyt veay af exampleciath from t he

reference to the following description taken in conjuction with the accompanying
drawings in which like reference numbers indicate like features and wherein:

FIGURE 1 is a graphical representation of a portion of a process network
model implementing an extensible model architecture for use in planning a
process according to an embodiment of the present invention;

FIGURE 2 is a graphical representation of a plan network model
implementing an extensible model architecture for use in planning a process
according to an embodiment of the present invention;

FIGURE 3 is a graphical representation of a family of resource models in a
process network model implementing inheritance; and

FIGURE 4 is a graphical representation of a family of resource models in a

process network model implementing date effectivity.
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18. The conputer systemof claim2 or any one of clains 2 to 16 when
dependent thereon, wherein: the buffer nodel type has an operation that
defines how nmaterial is received into a buffer and how material is picked
fromthe buffer; and the buffer-plan nodels create operation-plan nodels to
receive each ot of material and pick each | ot consumed. 19. The conput er
system of any preceding claim wherein the buffer nodel type has an
operation that defines how naterial nanaged by a buffer is stored, and the
speci fied operation nodel can be extendeq to specify different scrap
factors

In one embodiment, the present invention provides a software system for
modeling various processes. For example, the software system may model a
manufacturing process used to produce a particular item or product. The software
system may also be used to model a product distribution channel, a supply chain,
or an order fulfillment process.

A process is modeled using three primary model types: an operation model
type, a buffer model type, and a resource model type. A plan for that process is
similarly modeled with three associated primary model types: the operation-plan,
buffer-plan, and resource-plan. A user uses a model type as a template to create a
model. For example, a buffer model type is used to create a model of a buffer.
Each of these user defined models is stored as a node in a process network model
of a user’s process.

The model types used by the system are extensible in that each model type
may have one or more extension points that allow a user to customize the model to
represent the user’s process. For each extension point, a user may choose from
numerous extensions the one that is best suited to define a particular aspect of the
user’s system or process. Each model type has a list of predefined extensions from
which the user may choose. Each extension defines fields that extend the data and
meaning associated with a model type. These extensions and fields define the way
in which the model types interact. Each user defined model is defined by a model
type, one extension for each extension point of the model type, and data for each
field of the model type and extensions. Possible features of each of the model

types are discussed in detail below.
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28 and has an operation that defines how material is received into a buffer
and how the material is picked fromthe buffer; such that a wde variety of
resource nodels can be represented in one network without greatly

i ncreasing conplexity of each resource nodel requiring only a small subset
of the overall software system nodeling capabilities; and such that a
conpl ex hierarchy of operation nodels can be forned to represent conpl ex
processes with many alternatives, sequences, precedence constraints. 20.
The conmputer systemof claim2 wherein tjge buffer nodel type has an
operation that defines how material nmanaged by a buffer is stored, and the
speci fied operation nodel can be extended to specify different scrap

factors and : : .
information needed to form a plan for a particular execution of that operation.

For each resource model that is used by an operation plan, the software
system creates a resource plan model from a resource-plan model type and the
extensions corresponding to the resource model. The system provides the resource
plan model with all of the capacity reservations placed on it by the operation plan
models.

For each buffer model from which items are consumed or to which items
are supplied by an operation plan, the software system creates a buffer plan model
from a buffer-plan model type and the extensions of a corresponding buffer model.
The system provides the buffer plan model with inventory levels, ordering policies
and any other information needed to plan the management of the flow of items in
the process. The various plan models interact to create a schedule of events to

implement the modeled process to produce a selected quantity of output.

Plan Network Model

FIGURE 2 is a graphical representation of a plan network model for
producing, for example, bicycle fenders in a predetermined process. For purposes
of FIGURE 2, it is assumed that a user has previously defined a site network
having all of the operation-plan, buffer-plan, and resource-plan models necessary
to model the user’s physical facilities and process requirements. In response to a
condition for creating a plan as identified above, each operation-plan, buffer-plan,
and resource-plan model required for use in the plan creates plan models. The flow
of material through the manufacturing process for creating bicycle fenders as
modeled by the software embodiment of the present invention is described in

detail below.
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has an operation that defines how material is received into a buffer and
how the material is picked fromthe buffer; and the buffer-plan nodels
create operation-plan nodels to receive each |ot of material and pick each
| ot consuned and to store the material that is managed by the buffer at al
times; such that a wide variety of resource nodels and a plan for each of
t hose resource nodels containing all decisions regarding capacity can be
represented in one network without greatly increasing conplexity of each
resource nodel requiring only a small s gset of the overall software system
nodel i ng capabilities; and such that a 2 npl ex hi erarchy of operation
nodel s can be fornmed to represent conplex processes with nmany alternatives,
sequences, precedence

be used prior to the DATE. After the DATE, only resource model 80 may be used.
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onst n for such a conplex process can be represented with
aI I nmmll “I[ﬂmmme made in order to define a particular plan. 29
ec corput es system of claim 19 or claim 20, used to nodel a
nanufacturlng process wherein operation nodels are used to represent
traditi onal manufacturing .operations, routings, bills-of-material, and
storage; resource nodels are used to represent nmachines, tools, fixtures,
and | abor; and buffer nodels are used to represent SKUS, bins, buffers, or

i nventories. 22. The conputer system o claim 19 or cIa|n120 used to
nodel a distribution

CLAIMS

1. A computer system for modeling a process capability for process planning
on a computer, the computer system comprising:

operation model type means for defining a plurality of operation models,
each operation model representing an activity that can be performed by a process;

resource model type means for defining a plurality of resource models, each
resource model representing capacity available for use in performing an activity
and rules for allocating capacity to the activity, the activity being represented by
an operation model; and

buffer model type means for defining a plurality of buffer models, each
buffer model representing rules for controlling a flow of material between
activities, the activities being represented by operation models;

the operation model type, buffer model type, and resource model type each
having a plurality of fields defining attributes, the plurality of fields including a
plurality of extension selector fields that allow a user to specify one of a plurality
of optional extensions incorporating additional fields and semantics in addition to
fields specified by the model type into each model selecting the optional
extension; and

process network model means for interrelating the operation models, the
buffer models and the resource models as nodes in an interrelated process network
model;

the process network model being formed by the plurality of operation
models each specifying buffer models from which material is consumed and

buffer models to which material is supplied and specifying resource models

having capacity used in performing the actiy %c&ﬁedby-&&?el ation model;
REPLACEMENT SHE
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net wor k nodel s are used to represent transport, | oading,
unl oadi ng mlmm ml lgli ing, picking, palletizing, and packaging.,
activiti eS*and |sona bi |l s-of-distribution; resource. deeTe represent

docks, trucks, pallets, forklifts, |abor, and storage {a pHt i eghy buf fer
nodel s represent SKUS, bins, and inventories. 23. ‘“ij‘he\ rrprufer $y$tem of
claim 19 or claim20, used to nodel a manufacturing \process whrer-eiin *
operation nodels are used to represent traditional: manufacturing 's
operations, routings, bills-of-material, fnd st orage; resource-midel $ are
used to represent nmachi nes, tools, flxtures and Ig,b&r"“and buffer,umidel S
are used to represent SKUS, bins, buffers, or inveniories,—and “Operati on
nodel s are used to represent transport, Ioading, unl-oddi ng, storage,

recei ving, pickisugh that both nritergal amdccapacikpgsape ae sinltaresuslydepreaentedonal

by the process network model along with timing constraints between activities.

2. The computer system of claim 1, further comprising:

operation-plan model type means for defining a plurality of operation-plan
models, each operation-plan model representing a planned activity to be
performed during a particular period in order to achieve a particular purpose;

resource-plan model type means for defining a plurality of resource-plan
models, each resource-plan model representing an amount of available capacity
and planned usage of the available capacity by operation-plan models; and

buffer-plan model type means for defining a plurality of buffer-plan
models, each buffer-plan model representing planned flow of material that is
controlled by the buffer-plan model as a result of planned operation-plan models;

the operation-plan model types, buffer-plan model types, and resource plan
model types each having a plurality of fields that define attributes, including a
plurality of extension selector fields corresponding to operation, buffer, and
resource model type fields and specifying corresponding extension of a plurality
of optional extensions which incorporate additional fields and semantics into each
model selecting the optional extension in addition to those specified by the model
type; and

process-plan network model means for interrelating the operation models,
the buffer models and the resource models as nodes in an interrelated process-plan
network model;

the process-plan network model being formed by operation-plan models
specifying buffer-plan models from which material is consumed and buffer-plan

models to which material is supplied and specifying resource-plan models having



bill s-of ource nodel s represent docks, trucks, pallets,
for KI'i fts‘ mg L“Hﬂ““ age facilities; buffer nodels represent SKUS,

bi ns, d + nventror ites$ stich that a full supply chai
The conputer system of claim 19 or claim 20, used
wherein operation nodels are used to represent red
design, testing, prototyping, tooling, and product
used to 30 represent the |abor, machines, tool g
nmodel s represent various mlestones to bg achi eveg

u

one activity to another.
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and testers; hn
in order to nove

24.
bl ans

ijr athe'i g,
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Pl s are
H buffer
from

capacity planned to be used in order to perform the activity specified by the

operation-plan model;

such that both material and capacity usage are simultaneously represented

and addressed along with operation timing constraints in creating and managing a

plan for the process.

3. The computer system of claim 2, wherein the operation-plan model type

has a plurality of extensions each corresponding to each of the extensions of the

operation model type, which represent extension-specific choices for a particular

plan for the process.

4, The computer system of any preceding claim, wherein the operation model

type has associated with one of the extension selectors a plurality of extensions

that define behavior as a sequence of other operations, with varying rules on how

the sequence may be ordered or may spread out in time.

5. The computer system of any preceding claim, wherein the operation model

type has associated with one of the extension selectors a plurality of extensions

that define behavior as one of several other operation models, with varying rules

on how a single one of those operation models is chosen to be performed.

6. The computer system of any preceding claim, wherein the operation model

type has associated with one of the extension selectors a plurality of extensions

that define behavior as a set of other operations each having individual precedence

constraints, with varying rules on how the set of operations is planned.



mof claim18 or claim19, used to nodel a
rranuf acnmm HI;&MI erein operation nodels are used to represent
traditi ora utractsur kng operations, routings, bill s-of-naterial—anrd
storage; resource nodels are used to represent nachi REPLA@@MENTfSHEEﬁ
and | abor; and buffer nodels are used to represent SKUS;
|nventor|es, operation nodels are used to represent ftr %pg ﬁf,ugagl
unl oadi ng, storage, receiving, picking, palletizing, jand ckagi ng°
activities and traditional bills-of- dIS?SIbUtiOH; rego
docks, trucks, pallets, forklifts, l|abo
nodel s represent SKUS, bins, and inventories; and operat+on—mnodets—are

(4]

and storage facilities; buffF

s—+epr esent

to represent requirenents gatherlng, desi gn, testing, prototyping, tooling,

and producti, on; TiRsNiptenDdaim ofary psextding claim, wherein the operation model
type includes a plurality of extensions that define behavior as a sequence of other
operations, as one of sevéral other operation models, and as a set of other
operations each having individual precedence constraints, such that a complex
hierarchy of operation models can be formed in order to represent complex

processes with alternatives, sequences, and precedence constraints.

8. The computer system of claim 2, wherein:

the operation model type includes a plurality of extensions that define
behavior as a sequence of other operations, as one of several other operation
models, and as a set of other operations each having individual precedence
constraints, such that a complex hierarchy of operation models can be formed in
order to represent complex processes with alternatives, sequences, and precedence
constraints; and

the operation-plan model type has a plurality of extensions each
corresponding to each of the extensions of the operation model type, which
represent extension-specific choices for a particular plan for the process;

such that a plan for a complex process can be represented with all decisions

to be made in order to define a particular plan.

9. The computer system of claim 8 when dependent on claim 2, wherein the
resource-plan model type has a plurality of extensions each corresponding to each
of the extensions of the resource model type, which represent extension-specific

choices for a particular plan for the process.



represe hi nes, tools, and testers; and buffer nodels
represeﬂ"l“ﬂﬁlllmnﬂm”HWones to be achieved in order to nove from one
activity*toc anothers such that a full supply chain caf,d A
supply chain and design activities involved in introducing: vl
phasing out old products toegether with on-going productu on and dellvéry of
exi sting products can be represented. 26. The corrpu‘t er system of - aqy one
of clains 21 to 24 wherein operation- plans, resource- pl ans, and i
buffer-plans are used to represent correigondl ng pl an!s for‘”t hose™ entltles
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10.  The computer system of any preceding claim, wherein the resource model
type has associated with one of the extension selectors a plurality of extensions
defining fields and semantics that each describe how an efficiency of the resource

model changes over time.

11.  The computer system of any preceding claim, wherein the resource model
type has associated with one of the extension selectors a plurality of extensions
defining fields and semantics that each describe a maximum size of operation

models that simultaneously use a resource model.

12. The computer system of any preceding claim, wherein the resource model
type has associated with one of the extension selectors a plurality of extensions
that define fields and semantics that each describe when maintenance operations

should be planned.

13.  The computer system of claim 8 or claim 9, wherein the resource model
type has associated with one of the extension selectors a plurality of extensions
defining fields and semantics that each describe how operation plans should be

padded to compensate for variability of a resource model.

14.  The computer system of any preceding claim, wherein:

the resource model type has associated with one of the extension selectors
a plurality of extensions defining fields and semantics that each describe how an
efficiency of the resource model changes over time, describe a maximum size of
operation models that simultaneously use a resource model, describe when
maintenance operations should be planned, and describe how operation plans

should be padded to compensate for variability of a resource model;



Tuﬂmtlmmﬁullﬂﬂﬂl mof claim1 or claim2, wherein each operation
m)del er operation, each resource nodel may specify

anot her resourcé, and‘each buffer nodel may specify grhoether—bufder jts
family and may specify a number of fields as inherit BEPLAGEMEHK SH]DET ,
thereby allowing the fields to be changed in the famjl y by U3ser, and]rgesult
I n changes to all nodels that inherit that field. 28. hG Bgma$$ slystem
of claim 27, wherein each operation nodel, resource Rode e' hodel
that specifies a famly can al so specif)éga range of datles f""' Arg—-whi-Ch| t he
nodel is effective such that outside of t‘he range thg nodel is rmdel ed} as

I f the nodel does not exist. 29. A conput er system-atTtordimg t0o any
preceding claim conprising: a data storage device operable to store data
relating to a nadeh tigdt apwiteessiety of resource models can be represented in one

network without greatly increasing complexity of each resource model requiring

only a small subset of the overall software system modeling capabilities.

15. The computer system of any preceding claim, wherein the buffer model
type has an operation that defines how material managed by a buffer is stored, and

the specified operation model can be extended to specify different scrap factors.

16.  The computer system of claim 2 or any one of claims 3 to 15 when
dependent thereon, wherein the buffer model type has an operation that defines
how material managed by a buffer is stored, and the buffer-plan models create

operation-plan models to store the material managed by the buffer.

17.  The computer system of any preceding claim, wherein the buffer model
type has an operation that defines how material is received into a buffer and how

the material is picked from the buffer.

18.  The computer system of claim 2 or any one of claims 2 to 16 when
dependent thereon, wherein:

the buffer model type has an operation that defines how material is received
into a buffer and how material is picked from the buffer; and

the buffer-plan models create operation-plan models to receive each lot of

material and pick each lot consumed.

19.  The computer system of any preceding claim, wherein the buffer model
type has an operation that defines how material managed by a buffer is stored, and

the specified operation model can be extended to specify different scrap factors



capabilit Ill nory operable to store the operation nodel type
means, fmmmulmmlﬂ ﬂmreype means, the buffer nodel type neans and the
process net wér k' nolel® ndans; and a processor coupl ed tg—t-he-data-storage

device and to the execution nmenory and bei ng operable tBEBEAEEMENFhSSHET
t he process network nodel means to interrelate the opefa |on modets;—+t
buffer nodels and the resource nodels as nodes in an ipte a{?fd yalg ess
net wor k nodel , whereby the process network nodel conpr sns a ural1 yl of
operation nodel s each specifying buffer del s from whj cl
consuned and buffer nodels to which material is suppligd and specifying
resource nodel s having capacity used in perform ng the activity speci+ed
by the operation nodel, such that both material and capacity usage are

and has an operation that defines how material is received into a buffer and how

the material is picked from the buffer;

such that a wide variety of resource models can be represented in one

@)

network without greatly increasing complexity of each resource model requiring

only a small subset of the overall software system modeling capabilities; and
such that a complex hierarchy of operation models can be formed to

represent complex processes with many alternatives, sequences, precedence

constraints.

20.  The computer system of claim 2 wherein the buffer model type has an
operation that defines how material managed by a buffer is stored, and the
specified operation model can be extended to specify different scrap factors and
has an operation that defines how material is received into a buffer and how the
material is picked from the buffer; and

the buffer-plan models create operation-plan models to receive each lot of
material and pick each lot consumed and to store the material that is managed by
the buffer at all times;

such that a wide variety of resource models and a plan for each of those
resource models containing all decisions regarding capacity can be represented in
one network without greatly increasing complexity of each resource model
requiring only a small subset of the overall software system modeling capabilities;
and

such that a complex hierarchy of operation models can be formed to
represent complex processes with many alternatives, sequences, precedence
constraints, and a plan for such a complex process can be represented with all the

decisions to be made in order to define a particular plan.
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executi orf nenoty #s further operable to store: operatio
means for defining a plurality of operation-plan nodels,
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operation-plan nodel representing a planned activity tolb perforned du
a particular period in order to achieve a particular pufp¢sd;t rBEG qagp

I ng
AN

O

nodel type mans for defining a plurality of resource-pl @n nDdeIs each

resource-plan nodel representing an anoggt of avail abl efcapacity

21.  The computer system of claim 19 or claim 20, used to model a
manufacturing process wherein operation models are used to represent traditional
manufacturing operations, routings, bills-of-material, and storage; resource models
are used to represent machines, tools, fixtures, and labor; and buffer models are

used to represent SKUS, bins, buffers, or inventories.

22.  The computer system of claim 19 or claim 20, used to model a distribution
network wherein operation models are used to represent transport, loading,
unloading, storage, receiving, picking, palletizing, and packaging activities and
traditional bills-of-distribution; resource models represent docks, trucks, pallets,
forklifts, labor, and storage facilities; buffer models represent SKUS, bins, and

inventories.

23.  The computer system of claim 19 or claim 20, used to model a
manufacturing process wherein operation models are used to represent traditional
manufacturing operations, routings, bills-of-material, and storage; resource models
are used to represent machines, tools, fixtures, and labor; and buffer models are
used to represent SKUS, bins, buffers, or inventories; and

operation models are used to represent transport, loading, unloading,
storage, receiving, picking, palletizing, and packaging activities and traditional
bills-of-distribution; resource models represent docks, trucks, pallets, forklifts,
labor, and storage facilities; buffer models represent SKUS, bins, and inventories;

such that a full supply chain can be modeled.

24.  The computer system of claim 19 or claim 20, used to model project plans
wherein operation models are used to represent requirements gathering, design,

testing, prototyping, tooling, and production; resource models are used to



and pl me avai |l abl e capacity by operation-plan nodels; and
bufferﬂmm"mmma"mu nmeans for defining a plurality of er-plan

nodel s, *eath 'buf*f ef- pfan nodel representing planned fl ow
is controlled by the buffer-plan nodel as a result of pl

operation-plan nodels; wherein the operation-plan nodel

conprise a plurality of fields that define attributes, ijn
plurality of extension selector fields ggrresponding to'operatiom—t
and resource nodel type fields and specifying correspondi ensi on of
plurality of optional extensions which incorporate additional fiel
semantics into each nodel selecting the optional extension in addition to
t hose specrenresensshe laborgaachings, sools,randiesterss gnd buffen madstsaenmsent means

interrelatin he . rati | s, . . .
terrefat va.gmtls i egt%ngg to Be a6 d%vesd mt gr%er to move from one activity to another.

25.  The computer system of claim 18 or claim 19, used to model a
manufacturing process wherein operation models are used to represent traditional
manufacturing operations, routings, bills-of-material, and storage; resource models
are used to represent machines, tools, fixtures, and labor; and buffer models are
used to represent SKUS, bins, buffers, or inventories;

operation models are used to represent transport, loading, unloading,
storage, receiving, picking, palletizing, and packaging activities and traditional
bills-of-distribution; resource models represent docks, trucks, pallets, forklifts,
labor, and storage facilities; buffer models represent SKUS, bins, and inventories;
and

operation models are used to represent requirements gathering, design,
testing, prototyping, tooling, and production; resource models are used to
represent the labor, machines, tools, and testers; and buffer models represent
various milestones to be achieved in order to move from one activity to another;

such that a full supply chain can be modeled and a supply chain and design
activities involved in introducing new products and phasing out old products
together with on-going production and delivery of existing products can be

represented.

26.  The computer system of any one of claims 21 to 24 wherein operation-
plans, resource-plans, and buffer-plans are used to represent corresponding plans

for those entities.



uffer resource nodels as nodes in an interrel ated

proces [mlﬁ ﬂu\mu/ﬂllln'ﬂudel t he process-plan network nodel being fornmed by
oper ati dn- pl ah nbdel s speC|fy| ng buffer-plan nodels from 'ngteriaI S
consuned and buffer-plan nodels to which material is suppl T -
speci fying resource-plan nodel s havi ng capacity planned to b‘sL '%n ordffﬂ
to performthe activity specified by the operation-plan np ; such that -
both material and capacity usage are sinultaneously repre e;{t et ub}b...t.,hem-s
process-pl an network nodel and addressedjalong with operatfidn_tim ng J
constraints in creating and managing a plan for the process. T
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27.  The computer system of claim 1 or claim 2, wherein each operation model
may specify another operation, each resource model may specify another resource,
and each buffer model may specify another buffer as its family and may specify a
number of fields as inherited from that family, thereby allowing the fields to be
changed in the family by user, and result in changes to all models that inherit that
field.

28.  The computer system of claim 27, wherein each operation model, resource
model, and buffer model that specifies a family can also specify a range of dates
during which the model is effective such that outside of the range the model is

modeled as if the model does not exist.

29. A computer system according to any preceding claim, comprising:

a data storage device operable to store data relating to a model of process
capability;

an execution memory operable to store the operation model type means, the
resource model type means, the buffer model type means and the process network
model means; and

a processor coupled to the data storage device and to the execution memory
and being operable to be responsive to the process network model means to
interrelate the operation models, the buffer models and the resource models as
nodes in an interrelated process network model, whereby the process network
model comprises a plurality of operation models each specifying buffer models
from which material is consumed and buffer models to which material is supplied
and specifying resource models having capacity used in performing the activity
specified by the operation model, such that both material and capacity usage are

simultaneously represented along with timing constraints between activities.
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30.  The computer system of claim 29, wherein the execution memory is further
operable to store:

operation-plan model type means for defining a plurality of operation-plan
models, each operation-plan model representing a planned activity to be
performed during a particular period in order to achieve a particular purpose;

resource-plan model type mans for defining a plurality of resource-plan
models, each resource-plan model representing an amount of available capacity
and planned usage of the available capacity by operation-plan models; and

buffer-plan model type means for defining a plurality of buffer-plan
models, each buffer-plan model representing planned flow of material that is
controlled by the buffer-plan model as a result of planned operation-plan models;

wherein the operation-plan model type means, buffer-plan model type
means, and resource-plan model type means each comprise a plurality of fields
that define attributes, including a plurality of extension selector fields
corresponding to operation, buffer, and resource model type fields and specifying
corresponding extension of a plurality of optional extensions which incorporate
additional fields and semantics into each model selecting the optional extension in
addition to those specified by the model type; and

process-plan network model means interrelating the operation models, the
buffer models, and the resource models as nodes in an interrelated process-plan
network model, the process-plan network model being formed by operation-plan
models specifying buffer-plan models from which material is consumed and
buffer-plan models to which material is supplied and specifying resource-plan
models having capacity planned to be used in order to perform the activity
specified by the operation-plan model;

such that both material and capacity usage are simultaneously represented
by the process-plan network model and addressed along with operation timing

constraints in creating and managing a plan for the process.
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(5T) Abstract

A computer software system for modeling a process capability on a computer is provided. The computer software system comprises
an operation model type for defining a plurality of operation models (33, 36, 44, 52 and 57). Each operation model represents an activity
that can be performed by a process. A resource model type is for defining a plurality of resource models (32, 38, 40, 46, 48, 54, 56 and
58). Each resource mode! represents capacity available for use in performing an activity and rules for allocating capacity to the activity.
A buffer model type is for defining a plurality of buffer models (34, 42, 50, and 60). Each buffer model represents rules for controlling
a flow of material between activities. The operation model type, buffer model type, and resource model type each comprise 2 plurality of
fields defining attributes that include a plurality of extension selector fields. Defined operation models, buffer models, and resource models

are stored as nodes in an interrelated process network model.




