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IECHNICAL FIELD OF THE INVENTION
This invention relates in general to the field of
5 electronic systems, and more particularly to a strategy
driven planning system and a method of operation.
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BACKGROUND OF THE INVENTION

A typical goal of planning and scheduling processes
is to generate a plan that is feasible in that the plan
can be performed in the real world and that is as close

5 as possible to ideal or optimal, as defined by optimality
criteria or an optimization function. Many conventional
planning applications and processes achieve this by
building up a feasible plan that will be near ideal
without permitting an infeasible plan to exist.

10 A few conventional planning applications have
instead started with an infeasible plan that is very
close to ideal and then tried to remove infeasibilities
in such a way that the plan moves as little as possible
from ideal. This process is continued until all

15 infeasibilities have been eliminated.

Most conventional planning packages are designed to
be good at taking the current state and the desired
output and then generating a near-optimal plan from
scratch. However, computing the optimal plan is often

20 not the goal. Rather, what often happens is that there

| is an existing plan in place, -something occurs that is
not consistent with the existing plan (e.g., a machine
breaks, a supplier is late, a new huge order is placed),
and the goal is primarily to adjust the existing plan as

25 little as possible in order to restore the plan to a
feasible one and secondarily to make that plan as
desirable as possible.

This latter need to return to feasibility is more

 consistent with planning by removing infeasibilities than

30 with planning by starting from scratch and building up a
feasible plan. '

Another issue that often arises is that all the
information about the planned system, including what is
truly feasible, and the information about the plan goals,

35 the real definition of optimal, are rarely fully modeled
in the planning application. Thus, there exists
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noves as little as possible fromideal. This process is continued

until all 15 infeasibilities have been elim nated. Most

conventional pl anniﬂﬁ%ﬁ%ﬁ%&ﬁ% dﬁi&ﬂ”ﬁ&’atrﬁ?a%g%aah&gwo@t%&é%% the

current state and i %ﬁe re ogt put a eneratin _

near-optinal plan $RIfFE into the, plapningprosessc SRERELAYEhe %Hf‘?nﬁﬂr pl'an

is often 20 nothére gube Blahninghrdbldnise thatpprescomphtetidnialy

Canertent o’ PECKRE RS RATEANeBle LA AARY i copateffheay by

suppkier is Pate, UTRNPLARPTOCEEEEEs PR ERAt are capahle of cSfiians by

primarily to adjusantdxperieskiedghpinan pladiter. Howelvee, afoPbscoentionanrder
to restore the pl aﬁlét&fﬁng softwai-gaé'béhﬁeé’r‘&xﬂ'%ﬁe%%@&}é Ynd® BB tb1a!
plan as des'a{]? peerta}t%eglots glnflc»gination about the planned system and

plan goals.

10 In addition, human planners tend to work on an
exception basis. They do not, and often can not, deal
with the entire plan at once. The vastness of most
planning problems is general beyond a human planner's
mental capacity. Thus, it is desirable for the planning

15 application to deal with most of the planning problem,
but to involve the human planner at critical points where
needed. It is desirable to provide a planning
application that not only plans intelligently, but also
cooperates intelligently with human planners and

20 coordinates the efforts of those human planners.

Human planners should also remain in control of the
planning application if the planners are to trust the
planning application and be able to cooperate with it.
Thus, it is desirable for a planning application to allow

25 the human planner toc drive the planning process and to
communicate what is the best thing for the application to
do next, what the application should not do, and when the
application should stop.
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L In accordance with the present invention, a strategy
- driven planning system and method of operation are
provided that substantially reduce or eliminate problems
5 and disadvantages with prior planning systems.
According to one embodiment of the present

invention, a strategy driven planning system is provided
that includes a plan defining a schedtled operation of a
user environment. An enviromment defines behavior and

10 constraints of the user enviromment. A plurality of
strategies each define a plan domain, problem selection
criteria, plan optimality criteria, and termination
criteria. A planning engine is coupled to the plan, the
plurality of constraints and the plurality of strategies.

- 18 The planning engine is cperable to identify a plurality
" of problems by comparing the plan to the behavior and
constraints defined by the enviromment and is operable to
adjust the plan according to a selected strategy. A user
interface is coupled to the planning engine. The user

20 interface is operable to allow a user to interact with
the planning engine in order to adjust the plan and the
environment and to select and initiate execution of a
selected strategy. .

A technical advantage of the present invention is

25 the cooperative integration of manual and automated
planning and integration across successive planning
efforts of an ongoing planning process.

A further technical advantage of the present
invention is the definition and use of strategies,

30 including a plan domain, problem selection criteria,
change selection criteria, plan optimality criteria,
search criteria, termination criteria and sub-strategies,
to automate resolution of problems identified in a given
plan. These strategies can be invoked manually or in

35 multi-phase strategies by a user of the planning system
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pl an goals. 10 In addition, human plBanners tend to work on an
exception basis. They do not, and often can not, deal with the
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: problem-oriented nature highlights exceptions for the
10 human planner to address. Further, the automated
processes also address the exceptions in the same sort of
flow a human planner would use. This makes it
transparent and understandable to a human planner which
are difficult properties to achieve in such complex
i5 processes but are very valuable for such cooperative
applications.
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BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the present
invention and advantages thereof may be acquired by
reference to the following description taken in

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

FIGURE 1 is a block diagram of a strategy driven
planning system constructed according to the teachings of
the present invention; '

10 FIGURE 2 is a flow chart of a problem oriented
planhing process according to the teachings of the
present invention;

FIGURE 3 is a flow chart of a strategy driven
planning process, including manual strategies that _

15 involve human planner input and involvement, according to
the teachings of the present invention.
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invention is the d%%ﬁgbkmgntafg bigﬁgtfglesplanning engine 12 is
also coupled to at least one strategy 20. Strategy 20
10 comprises a plan domain 22, problem selection criteria

24, change selection criteria 26, plan optimality
criteria 28, search criteria 30, termination criteria 32,
and sub-strategies 34. Planning engine 12 is further
coupled to a user interface 36.

15 In the illustrated embodiment of the present
invention, planning system 10 comprises a computer
software system operable to be executed by a digital
computer. In this embodiment, a data storage device 37
stores data representing plan 14, enviromment 16,

20 problems 18 and each strategy 20. Data storage device 37
can comprise a magnetic storage device, a memory or other
data storage device. PFurther, data representing plan 14,
environment 16, problems 18 and each strategy 20 can be
stored by the same or different data storage devices. In

25 the embodiment of FIGURE 1, an execution memory 38 is
operable to hold planning engine 12 for execution by a
processor in a digital computer. Execution memory 38 can
comprise a memory device or other such execution memory.
Also in this embodiment, user interface 36 is displayed

30 to a user using a display 39 connected to the processor
of the digital computer.

In operation, planning system 10 allows a user to
execute automated problem resolution processes
cooperatively with manual planning efforts. A user is

35 enabled to automate sets of desired adjustments or other
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automate resolution of infeasibilities and progress towards an

opti mal plan. Anot her technical advantage of the present
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problems with a given plan.
Plan 14 represents a current plan for a user

environment. In the illustrated embodiment of the

5 present invention, plan 14 represents a plan for a
manufacturing environment. Environment 16 represents
linitations on the function and operation of the user
enviromment including constraints and behaviors of the
enviromment. In the manufacturing environment,

10 constraints include such things as limitations of
capacity, material availability and due date of
shipments. At the initiation of a planning process, plan

- 14 can comprise a plan for the user enviromment that can
be improved by the user through use of planning system .

15 10. According to the teachings of the present invention,
plan 14 can be allowed to violate constraints and
behaviors of environment 16 defining the user

environment. .
Planning engine 12 accesses and receives plan 14 and
20 enviromment 16. Planning engine 12 can compare plan 14

to environment 16 to generate problems 18. Problems 18-
comprise a list of each instance where plan 14 violates
constraints and behaviors of environment 16. Constraints
and behaviors of environment 16 can be defined in as much

25 detail as necessary for a given planning application.

Each strategy 20 includes a plan domain 22, problem

selection criteria 24, change selection criteria 26, plan
optimality criteria 38, search criteria 30, termination
criteria 32, and sub-strategies 34. Each strategy 20

30 provides a definition of a problem resolution process for
execution by planning engine 12 to modify plan 14 in
order to reduce problems 18. Plan domain 22 defines a
domain of problems 18 that is to be addressed by strategy
20. Problem selection criteria 24 define criteria for

35 selecting a subset of problems to be addressed. Change
selection criteria 26 define criteria for selecting
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5 to specify to the process of what to do next, what not to do

. next, how optimal is defined, and when to stop. In addi tion,
sub-strategies allow human pl anners to create ~ full scripts to

coordi nate the planing process. The probl emoriented nature

hi ghl i ghts exceptions for the 10 human pl anner to address. Further,
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) according to plan domain 22 and problem selection
criteria 24.
For example, plan domain 22 may define as a domain
5 each painting machine in a manufacturing process.
Problem selection criteria 24 may define, as criteria for
selecting problems, the over=-utilization of a painting
machine by greater than ten percent. ¥Finally, change )
selection criteria 26 may define possible changes such as
10 moving back a schedule or using overtime, but may rule
out other changes such as moving a schedule outward in
time. This example of strategy 20, as a whole, would
define a problem resolution process strategy for using
schedule changes and overtime to resolve over~utilization .
15 by greater than ten percent of painting machines in the
user environment.

Each strategy 20 also includes plan optimality
criteria 28 that determine whether changes increase or
decrease the optimality of the plan. Each strategy 20

20 includes search criteria 30 to allow location of problems
to be resolved by changes. Termination criteria 32
define when strategy 20 has completed and should end
modification of the plan. For example, the user may

_ define a formula computed from throughput, marginal cost,

25 profit margin, inventory, and such, to indicate
optimality. The planning process to eliminate problems
18 would try to optimize the termination criteria 32.

Lastly, sub-strategies 34 define additional
strategies that are subsets of strategy 20 and operate

30 under strategy 20. For example, a user may want to first
resolve all problems in a “melting” area, then move
downstream to a “‘packaging” area and resolve all problems.
The user may then pause for manual evaluation of using
overtime in a “stamping” area and then resolve problems in

35 " “rolling” and “stamping” areas. Such planning flows are
often found to produce consistently good results. The
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Planning engine 12 includes user interface 36 to
allow interchange with a user of planning system 10.

5 User interface 36 allows a user to control operation of
planning engine 12. A user can access details of plan 14
and environment 16. User interface 36 also can display
problems 18 and each strategy 20 to a user. A user can
control planning engine 12 to resolve problems 18 in

10 order to successively adjust plan 14 such that plan 14
approaches an optimum plan.

User interface 28 allows a user to control planning
engine 12 to perform a number of tasks. A user may
control planning engine 12 in order to directly change

15 Plan 14. Similarly, a user may control planning engine
12 to directly change enviromment 16. Consequently, a
user may reduce problems 18 by altering plan 14 and
environment 16. For example, a paint machine may have a
normal setting and a fast setting. The user enviromment,

20 under normal conditions, runs the painting machine in its
normal setting. Thus, enviromment 16 is defined assuming
each painting machine would run at its normal setting.
Under this assumption, plan 14 may generate a number of
problems in problems 18 due to over-utilization of the

25 paint machines. A user could change environment 16 such
that one or more of the painting paint machines operates
at its fast setting. This adjustment to enviromment 16
may reduce problems 18 because plan 14 no longer over-
utilizes the paint machines.

30 A user is enabled by planning system 10, to manually
or automatically resolve problems 18. To manually
resolve problems 18, a user can make changes to plan 14
and enviromment 16. Planning engine 12 reacts to such
changes by generating a new list of problems 18. In an

35 automatic mode, a user can select a strategy 20 for
execution by planning engine 12. Planning engine 12 then

@
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t he teachings of the present invention. Pl anni ng’ S a
pl anni ng engi WO 9790490 Pl anni ng engi ne 12_is coupl ed t o BCPHUSA6N9944 an
envi ronnent 16 and probl ens 18. Pl anning eng?ﬁe 12 is al so coupled to

at | east one strategy 20. Strategy 20 10 conprises a plan domain 22,
probl em sel ection criteria

executes strategy 20, as defined by plan domain 22,
problem selection criteria 24, change selection criteria
26, plan optimality criteria 28, search criteria 30,
termination criteria 32, and sub-strategies 34, in order
5 to attempt to resolve problems 18. Strategy 20 provides
an automated process for changing plan 14 to reduce
problems 18. A user can use planning system 10 to
perform both manual and automatic problem resolution in
order to successively develop plan 14 towards an optimal

10 plan.

Problems 18 comprise both problems with feasibility
and desirability of plan 14. Feasibility problems are
situations where it is physically impossible (or at least
wholly unacceptable) for the plan to be followed.

15 Desirability problems are situations where the plan is
less profitable, less efficient, less productive, or
otherwise less than desired. Reduction of these problems
generally comprises reducing the number of problems that
exist, but "reducing problems® can be defined differently

20 according to different implementations.

In general, resolution of problems 18 in plan 14
begins with a choice of what problems to resolve first.
Planning changes are then selected that may reduce the

. problems to be resolved. Changes include such things as

25 running an operation earlier or later, running an
operation on a different machine, running a different
operation, obtaining a product through different means,
expediting a set of operations, and splitting operations.
Further, these changes can be limited according to

30 criteria such as a limitation as to possible changes and
the amount of change a change can make. According to the
teachings of the present invention, this process is
followed whether a user makes changes manually or
automatically through the use of defined strategies.

35
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24, change selection criteria 26, plan optimality criteria 28, search
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In step 40, the planning system identifies problems

with an initial plan. In step 42, the current pian is -

10 © adjusted to resolve problems. This adjustment can occur
either manually through interchange by a user or
automatically according to strategies invoked by a user.
One embodiment of this adjustment process is described in
more detail with respect to FIGUREs 3 and 4. In step 44,

15 the planning system identifies problems with the current
plan after adjustments have been made in step 42.

The plan is evaluated to determine whether
additional problems should be resolved in step 46. This
evaluation can be performed either by the planning system

20 or can be based upon a user decision. If additional .
problems are to be resolved, the process continues at
step 42 and more adjustments are made. If no additional
problems are to be resolved, then the planning systenm has
completed processing the plan.

25 '

Strateqy Execution Process
' FIGURE 3 is a flow chart of a strategy driven
planning process integrating manual and automatic problem
.resolution according to the teachings of the present
30 invention. The process of FIGURE 3 further defines step
' 42 of FIGURE 2. A user of the planning system can invoke
execution of a strategy automatically to édjust the
current plan or perform manual adjustments to the current
plan.

35 In step 50, the planning'system determines whether

the user desires to invoke sub-strategies for execution
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cooperatively with manual planning efforts. A user is 35 enabled to
-automate sets of desired adjustments or other

8 changes defined by strategies in order to resolve problenB with a
gi ven pl an. Plan 14 represents a current plan for a user environnent.
In the illustrated enbodi nent of the present invention, plan 14 re ;Fsents

a plan for a W4 uri ng environnent. Envii?nnent 16 repr&I,

limtations on the function and operation of the user environnment including
constraints and behaviors of the environnent. |In the manufacturing

envi ronment, constraints include such things as limtations of capacity,

mat eri al avai | abi Mitthiandndavtokaticostyategyat sEac¢h stratiegyt andi subef a

strategy is defined by a plan domain, problem selection
criteria, change selection criteria, plan optimality
criteria, search criteria, and termination criteria as

5 described above. Execution of a selected strategy
generally includes selecting problems to resolve and
changes to perform and adjusting the current plan
according to selected changes in order to resolve
selected problems. After the strategy has been executed,

10 the planning system has completed the plan adjustment
step and continues at step 44 of FIGURE 2.

After step 50, if no sub-strategies are to be
executed, the planning system identifies problems with
the plan in step 52. The planning system uses the plan

15 domain and problem selection criteria defined by the
strategy in identifying problems. Then, in step 54, the
planning system evaluates the plan optimality criteria.
Based upon that evaluation, the planning systenm
determines, in step 56, whether the plan is the "best"

20 plan so far. If so, the plan is recorded as the "best"
plan in step 58. If the plan. is not the "best"™ plan so.
far, the planning system checks whether to continue the
current search in step 60. If not, in step 62, the
planning system returns to the plan recorded as "best."

25  In step 64, the planning system determines whether or not
to terminate the strategy using the termination criteria.
If so, the planning system has completed executing the
given strategy. If not, the planning system continues at
step 66. In addition, if the answer in step 60 was

30 WYES," the planning system continues at step 66.

In step 66, the planning system checks whether the
strategy is an automated strategy. If so, the planning
system, in step 68, selects a problem to reduce. Then,
in step 70, the planning system selects a change to use

35 to reduce the selected problem. In step 72, the planning
system then performs the change. After step 72, the



pl anni ng process, plan 14 can conprise a plan for the user environnment that
. can be inproved by the user through use of planning system 10. Plan 14 can
be allowed to violate constraints and behaviors of environnent 16 defining
t he user environnent. Pl anni ng engi ne 12 accesses and receives plan
14 and environnent 16. Planning engine 12 can conpare plan 14 to

envi ronnment 1WOS30¢8her at e probl ens 18. Probl ens 18 conpri sBCHUSS6/899%66f each
i nstance where plan 14 viol ates constraints &hd behaviors of environnment
16. Constraints and behaviors of environnent 16 can be defined in as mnuch
detail as necessary for a given planning application. Each strategy

20 includes a pl ap1dARRhE Systéh GRUKIPnECecEtep §2it&TidentdryCpPo8tens
selection criteria , an_ optipality criteria 38, search <criteria 30,
termnation cri té’rii%g §§,e %#%ﬁplsq’%at egies 34. Each strategy 20
provi des a definition &F,aiprstepsq.cdbeustvategycis ndtvavtossted pntien
pl anni ng engi ne 13neOpTRfthidg Phyételf walte! d6f hler it APiBkepE748. Plan
domai n 22 defines donain o roblens _18 that is to addressed b
strategy 20.° Prob eFEEFiiWE’%% t‘&ﬁ 8152“38 i FEsten t‘&% BFSSEP%’E%/‘F’F\g a
subset of probl ema cbabgeahas ceeanl sp@icifdedsdhcaten 76y i tId sa,28heef i ne
criteria for sel eghafifiing system performs the specified change in step 78,
and then returns to step 52 to identify problems with the
changed plan. If, in step 76, no change is specified,
10 then, in step 80, the planning system determines whether
a strategy has been specified. If so, the planning
system executes the strategy in step 82. This execution
of the strategy is accomplished as described above. If a
strategy is not specified, then after step 80, the
15 planning system handles the user input in step 84. The
 planning system then returns to step 74 to wait for
further user input.
Returning to step 50, if sub-strategies are to be
executed, then the planning system continues at step 86
20 and executes each sub-strategy. The execution of each
sub-strategy follows the same flow as described above
with respect to a single strategy.
As an example, the problem selection criteria of a
strategy may be defined to include the occurrence of a
25 planned use of paint in a quantity that is five percent
in excess of available paint. The problem selection
criteria may also define the highest over-use of paint as
the most critical problem. The change selection criteria
may define allowed changes to include placing orders for
30 more paint and reducing the amount of paint used by a
process. As part of the plan modification process, it
may be acceptable to allow a larger number of problems at
some points but demand fewer and fewer problems as the
plan is processed. The definition of a strategy could
- 35 allow a ﬁlanning system to select problems with planned
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changes to execute in order to resolve problens selected according to
pl an domain 22 and probl em sel ection criteria 24. F :
exanpl e, plan domain 22 may define as a domain 5 ea:ﬁHggﬁH A &ﬁyn
I n a manufacturing process. Probl em sel ection cri teLl
as criteria fWO9700490 sel ecting probl ens, the over-utili zatRaIMUS96/09964
pai nting machi ne by greater than ten pcent. Finally, change
selection criteria 26 may define possible changes such as 10 novi ng back
a .schedul e or using overtinme, but may rule out ot her changes such as
moving a schedul ugigués! daint and attdlipt 18 esdi%Pkhiodl toBiemwy 20, as
a whol e, would robl emresol ution process strategy f
usi ng scheﬂﬁiﬂgc NgP8rtine to resolve over-utlllzatlon

In the manner described with respect to FIGURE 3,

the planning system iterates through the problems and

5 allowed changes until problems are adequately reduced and
the problem subset is resolved. This automatic
resolution of problems is enabled by the definition of
strategies and integration of manual and automatic
changes according to the teachings of the present

10 invention.

Operation of Planning System
According to the teachings of the present invention,
a strategy driven planning system is provided that allows

15 a user to execute automated strategies cooperatively with
manual planning efforts in order to resolve problems with
a current plan. The strategies enable automation of sets
of changes the user may want to perform in order to
successively adjust the current plan to approach an

20 optimum plan. The planning system of the present
invention provides superior planning resolution based
uﬁon the higher speed and efficiency and more detailed
analysis made possible by a digital computer. Those
benefits are coupled with a high degree of cooperation

25 between the automatic strategies and a user. The user is
freed from performing repetitive work and can focus
efforts on innovative and intuitive planning changes.

Finding an absolutely optimal plan given the current
inputs is not of primary importance to most planners.

30 Rather, it is more important to modify a plan in place
previously in response to changes such that the plan is
still feasible and meets certain desirability criteria
and that there is least disturbance to the operations.
There are a large number of plans that are reasonably

35 close to an optimal plan, any one of which can be
acceptable. One real problem posed by planning a user
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15 by greater than ten percent of painting nmachines in the user
.envi ronnent . Each strategy 20 al so incl ug pl an opti mal Ity
criteria 28 that determ ne whether changes increase r'n.”s SHEET Y t he
optimality of the plan. Each strategy 20 20 i ncl Ia &Y 1 a 30
to allow |l ocation of problens to be resol ved at i on
criteria 32 WO970048@fj ne when strategy 20 hgé corrpl et ed anucwsnﬂomend
nodi fication of the plan. For exanple, the uSér define a fornul a
conputed fromthroughput, marginal cost, 25 prof it margin, inventory,
and such, to indicate optimality. The planning process to elimnate
probl ens lénwdrbrneny i the iongodnghproeess rufl imaintaihdngaa3?2.

Lastly, sub-strat %aagghgﬁ FEh ra15leie153! reanonanty Tta0nho pbhEhat! ©
Jdavent

subset s of strateg?i os)erate er St %g exanple, a
user may want to PiABr resany; 18?‘05?%“45"?% nefdts; Ap" sueha,
t hen nove mmﬁ.ngahytaimw leagpag&tﬁonaoﬁmbﬁlﬁanltbnaehh anabl ens.

T i ngl ™S i pAARE Sy UechilaiSh Rhachy Elfllips, smesliTEIT |1 @
areas. Such pl anRiLABSf 'FBV\B"%E"'e and be a@ﬂ?ﬁﬁeﬂo%dfﬁﬂflﬁrlﬁdaéénéonm stently
good results. The According to the teachings of the present invention,
the automated strategies work in cooperation with manual
planning efforts rather than replacing them as with
10 conventional planning systems. It is often unreasonable
to assume that all necessary planning information can be
available to a completely automated planning system.
There may be more possibilities in the real world than a
planning system can be programmed to take into account.
15 Many of the most difficult decisions and trade-offs
should be made by a user of the planning system. On the
other hand, manufacturing and other pianning efforts
include many planning tasks efficiently addressed through
the use of automated strategies.
20 Both manual and automatic adjustments to the plan
are used to provide a well maintained plan. According to
the teachings of the present invention, automated
strategies executed by the planning system improve the
existing plan by making adjustments without eliminating

25 manual adjustments made by a user. Thus, a planning
effort produced previously is not discarded due to new
conditions.

A strategy driven problem oriented planning process

identifies problems and then eiplores various strategies

30 ° to adjust the current plan to alleviate those problems.
According to the teachings of the present invention, this
approach is used whether automated or manual adjustments
to the current plan are performed. The problems that are
identified can include conditions that violate

35 feasibility, such as over-utilized resources, negative
balances and inventories, and hard constraint violations.
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10 sub-strategies allow such flows to be recorded _and used to
coordinate a planning effort. Pl anni ng eng|q¢uggﬁmpf

interface 36 to all ow i nterchange with a user of |pl anTRel) o :
5 ~ User interface 36 allows a user to control operat keRa olann ng
engi ne 12. A WO&/OMEN access details of plan_14 and cRRAPINAMAE 16.
User interface 36 al so can displ ay pr&glens 18 and each strategy 20
to a user. A user can control planning engine 12 to resolve problens

18 in 10 order to successivelyadjust plan 14 such that plan 14
approaches an optésadi#ichis that affect the desirability of the current

10

15

20

25

30

35

plan also can be identified as problems. These include
such things as late orders, short orders, higher
inventories and higher costs.

According to the teachings of the present invention,
problems are identified, collected and classified
according to type and severity. When the current plan is
adjusted, the lists of problems are adjusted as well.
These problem lists can be filtered as desired such as
based upon type, area, severity, or tolerances. :
Filtering allows a user to obtain a list of problems that
are most critical without being forced to search
manually. After each planning adjustment, the user can
immediately be shown new problems that were created in
the current plan and any problems that remain.

According to the teachings of the present invention,
automated strategies operate upon the problem-oriented
paradigm. Each strategy defines which problems are to be
addressed, which changes can be used to adjust the
current plan to eliminate those problems, how to choose
the best adjustments, and what adjustments are to be
executed until a desired resolution is found.

Infeasible plans are allowed to be generated
according to the teachings of the present invention. By
allowing infeasible plans to exist, a more seamless
integration between manual and automated efforts is
accomplished that simplifies planning efforts.

Infeasible plans can be beneficial to users of a planning
system to determine whether changes should be made to the
user environment in addition to making changes to a plan.

The use of automated strategies produces results
that a user might obtain manually but does so much more
quickly and efficiently. Invocation of strategies to
take care of numerous, repetitive plannihg adjustments is
understandable and natural for a user allowing
integration with the user’s manual planning efforts. 1In
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User interface 28 allows a user to control planning engine 12 to

. performa nunber of tasks. A user may control planning engine 12 in
order to directly change .15 plan 14. Simlarly, a user nmay control

pl anni ng engi ne 12 to directly change environnent 16. Consequentl.y,
a user may reduce problens 18 by altering plan 14 and

envi ronnent MOIMMMILxanpl e, a pai nt nmachi ne, ray have a PCT/US96/09964
setting and a fast setting. The user environnent, 20 under nor nal
conditions, runs the painting machine inits " normal setting. Thus,
environnment 16 is defined assum ng each painting machi ne would run at
it's normal settingddition téndisplayingstheplist, oblranaisingy prebitenscta
nunber of p I i I%gﬁn%B 0. Moell iglsl kO 5
pai nt nmachi nes. Aﬁ:g‘gergggf)ﬁmﬂ;air? e e v#gﬁerr%n?ﬂlltg csau%tchldilsfﬁs& tB ﬁgtgt%ﬂge%r
nore of the paintﬁﬂﬁiﬁﬂpﬁ?'H%éﬁFh%?querates at its fast setting.

Thi s a;jj ustment to envh:mpmmnl t1i5 the au&bnatenﬂlﬁs&aﬁ@ibcrrﬂolﬁoheaﬁﬂéﬁpﬂl an
14 no | ongerg over [ 1] t a| [ 0 ris
enabl ed by a anni -I’il:o geg%#écé i’le:io%nrraq%&gl FQLagEﬁ. r%ﬁmae%t'o%ﬁ 83FF6\??§§0I ve
probl ens 18. To n# aarx-ﬁgies address, &#énﬂéoﬁ%‘ﬂ%ﬂ&% withinanc gxifkiag
changes to plan lplan. Thusd prexiomsnplanting Riesidionscagenaot? reacts to

such changgspR¥rJELEy ddihe? NRVubbs! clh Ay T8 tbBnatl BBtween
making manual adjustments and invoking automated
10 strategies. Given this ability to integrate manual and

automated changes, it becomes desirable for a user to
invoke the automated strategies to perform specific tasks
effectively handling a piece of the planning problen.

The strategies are defined to provide the mechanism for

15 successfully accomplishing this task.

Each strategy is a combination of a set of problems
that the strategy is to resolve and a set of planning
adjustments or changes that the strategy is allowed to
use. Individual strategies can be defined, named and

20 stored for future use by users of the blanning system.

In this way, libraries of strategies can be generated.
Examples of problems that can be efficiently addressed by
an automated strategy include over-utilized resources,
heavily utilized resources, under-utilized resources,

25 inventory below safety stock level, inventories below
zero levels, excess inventory, late orders, early orders,
high costs and other such problems. Tolerances also can
be defined for each problem allowing less significant
problems to be ignored. Tolerances can be time phased

30 such that problems further in the future are ignored more
often than near-term problems. Each strategy specifies a
domain of problems to which the strategy applies. For
example, the domain defines which order, resource, or
inventory problems should be addressed. Thus, a strategy

35 can resolve problems associated with one resource, a
number of resources, inventory at a given location or



35 automati c node, a user can select a strategy 20 for execution

b | anni ng engi ne 12. Pl anni ng engine 12 then tt-es :
s%/rgt egy 28, ag defined by plan domain 22, problem sele tTFUﬁ%EEFé‘é&%BEEN
change selection criteria 26, plan optimality criteria 48, seBERIA teri

. . : : ’ 4 : TR
30, termnati ¢criteria 32, and sub-strategies 34, in order to a _
resol ve probl§&g94§5”5trategy 20 provides an gutonated pr oC eEI/USH6/0996EANTI NQ

plan 14 to reduce problens 18. A user can usé€ planning system 10 to
perform both manual - and automatic problemresolution in-order to
suecessively devel op plan 14 towards an optinal plan. Probl enms 18
conpri se both prolfttheF problewssand | combinatides bZbprbblems. 2 strategy

further defines which planning adjustment changes are
allowed. For instance, an change may be to plan an _
operation earlier or later, to reduce a gquantity (short

5 order), to choose a resource, to combine, split or
overlap operations, to split orders, or to perform other
such changes. .

A user may want to disallow a change defined by a

strategy under some circumstances. For example, a user

10 may want the strategy to try to balance a resource, but
without making anything late or short. The strategy may
specify that changes that make things later or reduce
quantity cannot be performed. The strategy process must
make due with the other possible changes.

i5 Sequences of strategies may be composed together as
multi-phase strategies. Each strategy in a multi-phase
strategy is executed one after another. Manual phases
can be included in a multi-phase strategy such that the
automated strategy is paused for a user to consider

20 performing some manual planning change. Different users
may develop their own multi-phase strategies that they
find effective in different situations. Further, these
strategies can be shared with other planners. Multi-
phase strategies can alsoc be used to take advantage of

25 special characteristics of a manufacturing plant or other
user enviromment. For example, some process flow
scheduling manufacturers are more effective if they can
plan various stages in a certain order. Each stage can
be addressed by a different phase of a strategy, where

30 the multi-phase strategy includes the proper ordering of
the strategies.

According to the teachings of the present invention,

a strategy driven planning system provides a user with a
high level of control over automated strategies. The

35 flow of the planning effort is effectively programmable
through the definition of strategies that include what

This Sheet Has Been Rerlaced

L




of plan 14. Feasibility problens are situations where it is physically
.inpossi blle (or at |east wholly unacceptable) for the pl Q_be foll owed.
Desirability problenms are situations where the plan is]ITHfS SRE
less efficient, Iess productive, or otherw se |less thap desig
of these problens generally conprises reduci ng the nuntret——ef—piQ st Hat
exi st, but "r NQYOMPOpr obl ens” can be defi neg di fferently aPCBIS6/089640

di fferent inplenmentations. I n general, ?esol ution of problens 18 in
plan 14 begins with a choice of what problens to resolve first. Planning
.changes are then selected that may reduce the problens to be resol ved.
Changes include sthe hsengeonld rlike it achi@eecahd by aiatechangest the

runni ng an operati f Lm.{g%&h n t goper at i on,
obtaining a produgag%hrougﬂéd‘;% ren rrelgggatégfé% %ﬁlﬂagisg{i%ﬂ

operations, and sPrPPieRyoEiented gan mpﬂxéis.tmb%@%m% @hfd be linmted
according to crit autemated ehangéds r6d He ammimpsmﬁi&mbﬁ%wmt he

e oS e SPRLEEL EFIAE anll yasR 06653 e S BB V5"
strategies. work can be added to script vhat a planner should do.
planner is enabled to use strategies to automate groups
of changes that otherwise the planner would be required
to accomplish manually.

10 One technical advantage of the present invention is
the cooperative integration of manual and automated
planning and integration across successive planning
efforts of an ongoing planning process.

A further technical of the present invention is the
i5 definition and use of strategies including a plan domain,
problem selection criteria, a change selection criteria,
plan optimality criteria, search criteria, termination
criteria, and sub-strategies, to automate resolution of
problems identified in a given plan. These strategies

20 can be invoked manually or in multi-phase strategies by a
user of the planning system in order to automate
resolution of infeasibilities and progress towards an
optimal plan.

Another technical advantage of the present invention

25 is the provision of strategies that allow a human planner
to specify to the process of what to do next, what not-to
do next, how optimal is defined, and when to stop. In
adadition, sub-strategies_ allow human planners to create
full scripts to coordinate the planing process. The

30 problem~oriented nature highlights exceptions for the
human planner to address. Further, the automated
processes also address the exceptions in the same sort of
flow a human planner would use. This makes it
transparent and understandable to a human planner which

35 are difficult properties to achieve in such complex

Thls Sheet Has Been Rei aced

s



12 Probl em Resol uti on Process FIGURE 2 is a flow chart of an
enbodi nent of a problemoriented planning process according to the present

invention. FIGURE 2 illustrates a process by which planning system 10 of
FIGURE 1 can be utilized to successively reduce problens 18 in order to
resolve plan 14 into an acceptabl e plan. In step 40, the planning

system i denti WQ/0849bl ens with an initial plan. In step 42PCTAIS96(090964cnt
plan is adjusted to resolve problens. This aaFustnent can occur either
manual |y through interchange by a user or automatically according to
strategies invoked by a user. One enbodi nent of this adjustnent process is
descri bed i n nore piRickigsey blit £6@cfdry rdladRESE or adser cdoperiativdsd. the

pl anni ng systemii iof ) oblems with the current plan after adjustnents
have been made inqggggchgiogé' The plan is evaluated to determ ne whet her

addi tional probl ens shddthopgh the peesent dnwgniion has hesn descyibednime
perforned either lQdetaiq,pienshegld)bé aifderstabdothesedridud) changes,

deci sion. |fgaddi (4l ¢GeaBhe " End" £14dk i s Bhy B hdlfe HBLRESwiLHbLEUCS
P departing from the spirit and scope of the-invention as

defined by the appended claims.



e resol ved, then

HAS 8GEN
8 G&glggt i

adj ustments are made. If no ad MPMBUHMHN are to
. the planni ng system has conple e pl an.
Process FIGURE 3 is a flow chart of an enmbodi
driven planning process integrating rmanual and aut omati

according to the present invention. The process of FIGURE 3 further es
step 42 of FIY%I%Q&Z 9 A user of the planning system can i nvoREHSS0M64 on of
a strategy automatically to adjust the curr pl an or perform nanual
adjustnents to the current plan. In-step 50, the planning system
determ nes whether the user desires to invoke sub-strategies for
execution WHAT IS CLAIMED IS:

1. A strategy driven planning system, comprising:
a plan defining a scheduled operation of a user
environment;
5 an environment defining behavior and constraints of
the user environment;

" a plurality of strategies, each strategy defining a
plan domain, problem selection criteria, plan optimality
criteria and termination criteria;

10 a planning engine coupled to the plan, the
enviromment and the plurality of strategies, the planning
engine operable to identify a plurality of problems by
comparing the plan to the behavior and constraints
defined by the environment and operable to adjust the

15 plan according to a selected strategy; and

a user interface coupled to the planning engine, the
user interface operable to allow a user to interact with
the planning engine in order to adjust the plan and the
enviromment and to select and initiate execution of a

20 selected strategy.

2. The system of Claim 1, wherein each strategy
further defines change selection criteria and search
criteria. |
25 )

3. The system of Claim 1, wherein the planning
engine is operable to identify problems that comprise
feasibility problems and desirability problems.

30 4. The system of Claim 1, wherein at least one
strategy in the plurality of strategies comprises at
least one sub-strategy.

5. The system of Claim 4, wherein the sub-strategy
35 comprises an automated sequence.
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.\1/\297100490 W t.hl n an automatic st rmuwmllmu " gg?%ﬂ??ﬁh-

strategy is defined by a plan domain, prob e sél ektion TH;gsWﬁHAS:ﬁEEN
change selection criteria, plan opti rral ity criterip, seRpphaCEDterid
and termnation criteria as 5  described above. Exe

strategy WOJaR49%| | v i ncl udes sel ecti ng problens to r e SBFT/HS94{qpp64
changes to perform and adjusting the current {Jl an . according to

sel ected changes in order to resolve sel ected problens. After the
strategy has been executed, 10 t he pl anni ng system has conpl eted the

pl an adj ust ment 6st epl‘m(hym-mﬂ ofeclaimss pwhiredin EheUshb2strategy

After.step 50, if Q t S execut ed, the planning
cRfiptiBes sqﬁaﬁmﬁ s%r‘itﬁagran o

systemidentifies pro ep 52. The pl anni ng
system uses the plan 15 domai n and probl em sel ection criteria defined by
t he strat egy i n7.derthd \system ofl claimThewhereist att 3dasthene of

planning sysf em expleUpigai ity R LtRtETE! Yot isdd % manual strategy.

8. The system of Claim 1, wherein the user
enviromment comprises a manufacturing plant and the plan
comprises a scheduled operation of the manufacturing

10 plant.

9. The system of Claim 8, wherein the behavior and
constraints comprise limits of capacity and resources in
the manufacturing plant.

15

10. The system of Claim 9, wherein the plurality of
problems comprise identified instances where scheduled
operation of the manufacturing plant violates limits of
capacity and resources in the manufacturing plant.
20 '

11. The system of Claim 8, wherein the behavior and
constraints comprise limits of buffers and material flow
in the manufacturing plant.

25 12. The system of Claim 11, wherein the plurality
of problems comprise identified instances where scheduled
operation of the manufacturing plant violates limits of
buffers and material flow in the manufacturing plant.

30 13. The system of Claim 8, wherein the behavior and
constraints comprise limits of capacity and
transportation resources in a distribution network.

14. The system of Claim 13, wherein the plurality
35 of problems comprise identified instances where scheduled
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Based upon that evaluation, the pl ann”m&mﬁmwllﬂi |“| determines, in step
.56, whether the plan is the "best" . s

recorded as the "best™ plan in step 58. the plan ThEAS IBEEK
pl an so far, the planning system checks mhether to
current search in step 60. If not, in step 62, the P -
returns to t hWQR7@Pa% ecor ded as "best." 25 In step 64, ?ﬂﬂ"ﬂﬁ@ﬂﬁ#ng
syst em det er mi nes whet her or not to t# ninate the strategy using the
termnation criteria. - I f so, the planning system has conpl eted
executing the given strategy. If not, the planning systen1continues

?L | step 6?opbﬂ'aﬁ§!ght 6#Nthé fmatx{iﬁa@&magl PLEAE VL atRs ?tQmit? hoffES
e planni ng system coRr nue e
pl-anni ng systenlcﬁggﬁgi&ﬁe?ﬂ rr??Puré%s Pin gP?é?% 7°t4£}€§tggﬁ§?éd

strategy. If so, the plannlng system in step 68, selects a problem

to redugg Then, 15. i NTRé ey sien tdazemhaﬁnapgwﬁéiséﬁmw@ Béh&vﬁoﬁhﬂﬁme
0O use

Systom then Per BHSERh 5L Sa I RER os' Dyfhelh e B0 <R180"4 o

through a distribution network.

16. The system of Claim 15, wherein the plurality
of problems comprise identified instances where scheduled
10 operation of the manufacturing plant violates limits of
buffers and material flow in the manufacturing plant.

This SIliiet llilai |i3|een|||eﬂlaced




\1/\51) o7 00490pI anni ng systemretur JJ!I!“J lulllju'!ulllsljll!ld{agts??/ Ogggﬁl ens

wi th the changed pl an. 1f," in step 66, tihe st ' -
aut omat ed, then the planning systemwaits for use q?ﬂ%ﬂggﬁgmi e%ﬂgh
5 After user input, the planning system determ nes a
change has bewowpewfied in step 76. If so, the pl anRCTYSISPLEsEE M
perfornms the specified change in step 78, 25 and then returns to step 52
to identify problens with the changed plan. If, in step 76, no change
I's specified, 10 then, in step 80, the planning system determ nes

whet her a strategy h PG '
system executes the stgéilgg?/ @'&%p%?&?ﬁfsé%‘%%uj{%% QB@E@&%? FYrren

|
strategy i s accom5PBR descri bed above. If a strategy is not
specified, then after std@at#(starage device operable to store data

representing a plan, an envircnment and a plurality of
5 strategies, wherein the plan defines a scheduled
operation of a user environment, the environment defines
behavior and constraints of the user environment, and
each of the plurality of strategies comprises a plan
domain, problem selection criteria, plan optimality
10 criteria, and termination criteria;
an execution memory operable to store data
representing a software system;
a display operable to provide a user interface to a
user to allow a user to select a strategy; and
15 a processor coupled to the data storage device, the
execution memory and the display, the processor executing
the software system, wherein the software system
comprises;
a planning engine operable to identify a
20 plurality of problems by comparing the plan to the
behavior and constraints defined by the environment and
operable to adjust the plan automatically according to a
selected strategy.

25 18. The digital computer of Claim 13, wheréin the
data storage device comprises at least one magnetic data
storage device.

19. The digital computer of Claim 13, wherein the
30 data storage device comprises at least one memory device.

20. The digital computer of Claim 13, wherein the
user interface provided by the display comprises a
graphical user interface.
35
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15 pl anni ng syst em handl es the use "IIIH wa“l“ "ig HIHM The

.pl anni ng systemthen returns to step further user

i nput . Returning to step 50, it sub- strategle 1o he

execut ed, then the planning system continues at step 86 PUHIS SHEET HASCBEENS
each sub-strategy. The execution of each sub-strajegy fREPLAGEDt he
sane fl ow as Wexre4sed above Wth respect to a sin
As an exanple, the problem selection criteri&6of a strategy may be
defined to include the occurrence of a 25 pl anned use of paint in a
quantity that is five percent in excess of available paint. The

prbbltem sel ecti on. ztl.crm?erafgfwb%o%@ﬂai-l Be t:baﬁ"@esihe@éqh- gpe of
pai nt as critical, pro se on eria
may define all ovve&’ 18418 ﬁc"‘r{d’é’eﬁ §'°0F'§8’?g& ré&emsn%'i'@ pai nt
and reéduci ng the semprisef £pasibilita n:sbhiems andpﬁeﬁnsﬁbilds‘-ypmbdhmshe
pl an nodi fication process, it may be acceptable to allow a | arger

nunber of probl ens at SO oi nts_but ng_f r .and fe robl ens

nathe O PEDian i e pBeestiatend BaRRLAT i CIRLE Lfy MHRRpiyAE 1958

all ow a pl ann| ng Sye srrategy| butthe @dunad itiyt hfpstnm:l.es comprises at
least one sub-strategy.

23. The digital computer of Claim 13, wherein at
10 least one of the plurality of strategies comprises a
manual strategy.
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15 usage of paint and attenpt ﬂﬂl‘ l ﬂmg probl ens using al |l owed
.changes. In the manner des““ﬂlm m(ﬂl‘ t to FILQURE 3, the

pl anni ng systemiterates through the °pr bbl &ns® and al | owe
probl ens are adequately reduced and the probl em subset i
automatic resolution of problens is enabled by the definkdi

and i ntegrati O8N ual and automati c changes. Oper at i o RCHIUSHI/AMES NQ
System A strategy driven pl anning sjgken1is provi ded that allows a
user to execute autonmated strategies cooperatively with manual pl anning
efforts

24. A method of operating a strategy driven
planning system in a digital computer, comprising:

providing a plan defining a scheduled use of a user
environment;

5 providing an environment defining behavior and .

constraints of the user enviromment;

providing a plurality of strategies each defining a
plan domain, problem selection criteria, plan optimality
criteria, and termination criteria;

10 identifying a plurality of problems by comparing the
plan with the behavior and constraints defined by the
environment;

adjusting the plan according to a selected strategy;
and

15 repeating the steps of identifying and adjusting to

create an acceptable plan.

25. The method of Claim 20, wherein providing a
plurality of strategies comprises providing strategies
20 each further defining change selection criteria and
search criteria.

: 26. The method of Claim 20, wherein identifying
comprises generating a list of problems that comprise
25 = feasibility problems and desirability problems.

27. The method of Claim 20, wherein providing a
plurality of strategies comprises providing at least one
strategy that comprises at least one sub~strategy.

30 '

28. The method of Claim 20, wherein at least one of

the plurality of strategies comprises a manual strategy.

Thls Sheet Has Been Rei aced
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in order to resolve problens w tj . The strategies enable
.automati on of sets of changes tl'mmlmmllﬂut"mumlo perfqu—n—eFW‘
successively adjust the current plaff t& apprbach an opt i|riHtS BHERT HASBEEN
pl anni ng system provi des superior planning resolution bgsed uBRBPLAGED hi gher
speed and efficiency and nore detail ed anal ysis nade posstite 1By a digital
comput er. Tho%®% its are coupled with a high degree of REHH6AM6bN

bet ween the automatic strategies and a user .28 he user is freed from
perform ng repetitive work and can focus efforts on innovative and

I ntuitive planning changes. Fi ndi ng an absolutely optinmal plan given

_thé_ current inputs i s 9! Ofhdmetod bPPOLAANGRD ! YUNREinPhaJa8E Eng RAldIET
it is nore inportant_to m)d#éé/ %Hpqlan I n g*gce previously ih response to
changes such that PLAB GPERFiaes e sLeps  8ft and neets certain desirability

criteria and that thertdéntifivicg ¢groblepanin the plandemainoat. théere are a
l'arge nunber of pkafigctédist¥stdgiasonably close to an optimal plan, any one

of uhi ch cay be accept gl G {F prsdoRL°RLERARRP L YRl §00bIG2 UoeT
selection criteria of the selected strategy;
selecting a problem to resolve;
selecting an allowed change according to the change
selection criteria of the selected strategy; |
10 executing the selected change;
identifying problems with the adjusted plan;
returning to the step of selecting an allowed change
if the number of problems was not reduced; |
returning to the step of selecting an allowed change .
15 if allowed changes are exhausted; and
returning to the step of selecting a problem to
resolve if the problem subset is not resolved.

This Sheet Has Been Rerlaced
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16 environnent is the ongoi ng process of naintaining a feasible plan
.that remai ns reasonably near an opti'mal:iiplkian. There are benefits in such
pl anni ng by all owi ng cooperation of both automated and manual pl anni ng
techni ques and by allowi ng infeasible plans to exist and be adjusted to

f easi bl e pl ans. The automated strategies work in cooperation with
manual pl anniWQ9TM t s rat her than replacing them as wi t h REIVIS6996al

pl anni ng systens. It is often unreasonable to assune that all necessary
pl anning informati on can be available to q)g%npletely aut omat ed pl anni ng
system There may be nore possibilities in‘the real world than a pl anning
system can be programmed to take into accogpt. Many of the nost difficult
deci sions and trade-of fs shoul d be made by“a user of the planning system
Ons the other hand, manufacturing and other planning efforts include many
pl anni ng tasks effi add g}sed t hrougB9t he use of automated
strafegi es. 4554 qut omati c /adj ustnents to the plan are
used to provide a we

] a_rr.-KuTor'r'aTe'd'l strategi es executed by
n v

t he pl anni ng sysqpuii ' pki ng adj ustnments wi t hout
el i mnating manua ﬁciq X[ 2 ! a planning effort -
I )
18- ProplEws o=l ___}__
]
1| swaey |}
|
] PLAN ;
22-;/ DOMAIN :
! sPROBlflEM —
1 SELECTION
24: CRITERIA i N
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2641\ “crimeria J| P37
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produced previously is not discarded due to new conditions. A
strategy driven problemoriented planning process identifies problens and
then explores various strategies to adjust the current plan to alleviate

t hose problens. This approach is used whet her autonmated or nanual

adj ustments to the current plan are perforned. The problens that are

i dentified caWa%®P430e conditions that violate feasibility, PET/USPGCAI964
over-utilized resources, negative balances and inventories, and hard
constraint violations. Conditions that aff t he

17, desirability of the current plan als an be identified as problens.
These i ncl ude such things as |l ate orders, short orders, higher inventories
and hi gher costs. nE ar e |dent|f|ed - coll ected and cl assified
aceording to type

»

EXECUTE EACH
SUBSTRATEGY |86

DO "RUN STRATEGY"

IDENTIFY 52

PROBLEMS
¥
EVALUATE
OPTIMALITY |94
CRITERIA
58
/
RECORD
AS "BEST” 64
62 YES |
7
RETURN TO NO
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AS BEST
WAIT FOR HANDLE

INPUT
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0 Rinucs S ANGE?
sTEoLEIgE cranGe |
DUCE T ™70 perromm EXECUTE
. v CHANGE [N-78 STRATEGY [\-82
PERFORM CHANGELN. ..,
, T | }
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a-hd severity. Wen the rrent plan is adjusted, the !ECUUS&& Jw99r964
adjusted as well. Thesevproblemlists can be filtered

5 _
based upon type, area, severity, or tolerances. Filteri nms QLELQCSE (1997

obtain a list of problens that are nost gfitical wi t hout being forced to
search manual ly. After each planning a&]ustnent, the user can i medi ately
be shown new problens that were created in the current plan and any

probl ens that renain. Aut omat ed strategi es operate upon the

probl em ori eptsh Sk £6¢ hpsdd&d £9y defines which problens are to be
addr essed, which changes_ can be_used to adjust the current plan to

elininate those pf 2 iR thLlRnothart 1Rf e Rrekl e deiertednd what

Iadj;° o ”Elnt > mﬁm@%l | d%fbmdin@ tQEISI.EIFE@(:{:EEB IIIkgs e ! l'S]:l%'oundbl |
nfeasible plans are, allowed to erafed. al |'owi ng_infeasi bl e pl ans

to exist, a RDOTE S a}‘ﬁ“é%%q?ﬂtagrgf?‘ﬁb%t tr?é%rt%ﬁ’ %rﬂrgﬁ? atéd efforts
i s acchnpl i skikeilch hplamsning i systsemp| HnofHiFBEURE t5 . camflbasnbi kipédnsocan be

beneficial t : | : t lne : S

Shoul d b mitPEegHle1 Pealos \aMELRY 16 £F SHAMPCeATRSIvE BISES |

pl an. ~ Theinte an accepbable spiamegi es produces results that a user

m ght obtain manu:aﬁlyteau;ogoeﬁesglaﬁﬁthgoéfs%Cﬁanefflﬁ%f%f%?féﬁ\g-

I nvocation of ,strategies, to take ‘care of™ nuherous, repet V anni ng
adj ust ment s VithndRr indkiab RlaRd ndRuPEEP 144 LR cPUBreRtKi R§3Rniggrati on

W th ftbe useadjustedatoprésolng pidbléms. | "This adjustment can occur
either manually through interchange by a user or

CZB | automatically according to strategies invoked by a user.
One embodiment of this adjustment process is described in
more detail with respect to FIGURE 3. In step 44, the

15 planning system identifies problems with the current plan
after adjustments have been made in step 42.

The plan is evaluated to determine whether
additional problems should be resolved in step 46. This
evaluation can be perfdrmed either by the planning system

20 . or can be based upon a user decision. If additional
problems are to be resolved,.the process continues at
_ step 42 and more adjustments are made. If no additional
Cf} problems are to be resolved, then the planning system has
completed processing the plan. :
25
rateqgy Ex ion Process
. 'FIGURE 3 is a flow chart of a strategy driven
planning prbcess_integrating manual and automatic problem
resolution according to the teachings of the present
30 . invention. The process of FIGURE 3 further defines step
' 42 of FIGURE 2. A user of the planning system can invoke
execution of a strategy automatically to adjust the
current plan or perform manual adjustments to the current
plan. '
35 In step 50, the planning system determines whether
the user desires to invoke sub-strategies for execution
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18 addition to displaying the list of remaining problens to KImf s
the user, the planning systemal so can display strategies avai |

to the user. Importantly, the autonmated strategies do not
attenpt 5 to generate a plan from scgatch. Rather, the autonated
strategi es address defined. problens within an existing pl an. Thus;
previ ous planni ng deci sions are not arbitrarily undone. A user can
freely alternate between maki ng manual adj ustnments and i nvoki ng
automated 10 strategies. Gven this ability to integrate manual and

- changes defined by strategies in order to resolve problems with a given
plan. | | | | | |

Plan 14 represents..a current plan for a user environment. in the
illustrated embodim_eht of the presént invention, plan 14 represents a plan
for a manufactUring environment. Environment 16 represents limitations
on the function and operation of the user environment including
constraints and behaviors of the environment. In the manufacturing
environment, 'con_straints include such things as limitations of capacity,
‘material availability and due date of shipments. At the initiation of a
planning process, plan 14 can comprise a plan for the user environment
that can be improved by the uéer_ thfough'use of planning system 10. Plan
14 can be allowed to violate constraints and behaviors of environment 16
defining the user environmént. .

‘Planning engine 12 accesses and receives plan 14 and
environment 16. Planning engine 12 can compare plan 14 to environment
16 to generate problems 18. Problems 18 comprise a list of each instance
where plan 14 violates constraints and behaviors of environment -16.
Constraints and behaviors of environment 16 can be defined in as much
detail as necessary for a given planning application.

Each strategy 20 includes a plan domain 22, problem
selection criteria 24, change selection criteria 26, plan optimality
criteria 38, '.search criteria .30, termination = criteria 32, and sub-
strategies 34. Each strategy 20 provides a definition of a problem
resolution process for execution by planning engine 12 to modify
plan 14 in order to reduce problems 18. Plan domain 22 defines a domain E
of problems 18 that is to be addressed by strategy 20. Problem
selection criteria 24 define criteria fbr 'selecting a subset of pfoblems.
to be addressed. Change selection criteria 26 define criteria for sélecting
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aut omat ed changes, it becones desirable for a user to I nvoke the
automated strategies to performspecific tasks effectively handling
a piece of the planning problem The strategies are defined to
provi de the mechani smfor 15 successfully acconplishing this task.

Each strategy is a conbi nation of a set 19f probl ems t hat the
strategy is to resolve and a set of planning adj ust nents or changes
that the strategy is allowed to use. Individual strategies can be

defi ned,
system

named and 20 stored for future use by users of the planning

In this way, libraries of strategies can be generated.

‘Exanpl es of @x@bh@%ssﬁétégyczm ésedéfﬁe& 'bg%l'ah asiaRs 220 phablem selectioh

automated strate gy i nclu

resources,

e over-utilized resources, heavily utilized
um@enaﬂm change selegtien: sritepia 26, plaln\mhmah;y patesim 2&is88fCht ock

cary or der o S | Rpinaton cARHA bB. S s SARraly 84 O ordd o o COr S

can

beatidedptnted résulve gsrbblend 18m Btrategy gzm qmvmegnarh | aatomated

probl ens to be ignored. Tol erances can be tine E)has such t hat

probl ens f.ur tAEFESSHfarnehanging lar d 4; {onErdiige o

ems 18. (ﬁt‘@ﬁrtcﬁé‘nu%ar term

probl ems. Eagllaihg! §iedP18! Id Perform both fAFEEN 8 Bripki ch the

strategy appl'les

resource,

omal n |nes
or resolution in order to successwely develop plan 14 towards an optlmal

Man _
_ Problems 18 comprise both problems with feasibility and de’éirability
of plan 14. Feasibility problems are situations where it is physically
impossible (or at least wholly unacceptabie) for the plan to be followed.
Desirability pfoblems are situations where the plan is less profitable, less
efficient, less productive, or otherwise less than desired. Reduction of
these problems generally comprises reducing the number of problems that
exist, but “reducing problems” can be defined differently according to
different implementations. |
In general, resolution of problems 18 in plan 14 begins with a
choice of what problems to resolve first. Plan.ning changes are then
selected that may reduce the problems to be resolved. Changes include
such things as running an operation earlier br later, running an operation
on a different machine, running a different operation, obtaining a product
- through different means, expediting a set of operations; and splitting
operations. Further, these changes can be limited according to criteria
such as a limitation as to possible changes and the amount of change a -
change can make. This process is followed whether a user makes
changes mahually or automatically through the use of deﬁned'strategies'.
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i.nventory probl ems shoul d be addressed. Thus, a strategy 35 can resolve

probl ens associated with one resource, a nunmber of resources,
i'nventory at a given |ocation or _
19 ot her probl ens and conbi nati ons of problens. A strategy further

defi nes whi ch planning adjustnment chang¢2 are allowed. For instance, a
change may be to plan an operation earlier or later, to reduce a quantity
(short order), to choose a resource, to conbine, split or overlap

operations, Ropiehi ReSbilEibA Protedd Perform ot her such changes. A user
may want to ned by a strategy under sone _
circunstances. For exanple, a user may want the strategy to try to bal ance

peci fy that chandlGUHRS inaHoRHagLof a8 Gmisdiviat ot a problem cientéd "
' planning process according to the present invention. FIGURE 2 illustrates |
a process by which planning system 10 of FIGURE 1 can be utilized to
successively reduce problems 18 in order to resolve plan 14 into an
acceptable plan. _

In step 40, the plan;1ing system identifies problems with an initial

plan. In steb 42, the current plan is adjusted to resolve problem.s. This
- adjustment can occur either manually through interchange by a user or
”automatically according to strategies invoked by a user. One embodiment
of this adjustment process is described in more detail with respect to
FIGURES 3 and 4. In step 44, the planning system identifies problems
~ with the current plan after adjustments have been made in step 42.

The plan is evaluated to determine whether additional problems-
should be resolved in step 46. This evaluation can be performed either by
the planning system or can be based upon a user decision. If additional
problems are to be resolved, the process continues at step 42 and 'more
adjustments are made. If no additional problems are to be resolved, then |

" the planning system has completed processing the plan.

Strategy Execution Process

FIGURE 3 is a flow chart of an ém-bddiment of a strategy driven
planning process integrating manuél and automatic problem resolution -
according to the present inVenti_on. The process of FIGURE 3 further

~ defines step 42 of FIGURE 2. A user of the planning system can invoke
“execution of a strategy automatically to adjust the current plan or perform
manual adjustments to the current pian. |

In step 50, the planning system determines whether
the user desires to invoke sub-strategies for execution
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quantity cannot be perforned. The strategy process nust make due with the
ot her possi bl e changes. Sequences of strategies nmay be conposed
together as multi-phase strategies. Each strategy in a nulti-phase strategy
i s executed one after another. Manual phases can be included in a

mul ti - phase strategy such that the autongted strategy is paused for a user
to consider perform ng sone manual planning change. Different users nmay
devel op their own nmulti-phase strategies that they find effective in
different situations. Further, these strategies can be shared with other

pl anners. NUIti-phase strategies can also be used to take advantage of
speci al char arsagei of ipaintoénd attemptatd uresolgeptrse probiemsr usisgr akowed onnent .
For exanpl e, %gne grocess fl ow scheduling manufacturers are nore effective
i f they can rious stages in a certain order. Each stage can be

addressed by a di flﬁGthé%aﬁﬁ@%eéﬁnb%@%vftﬁtr‘é%ect‘“fbeFRBUh‘E BUkHd pﬁlﬁg@ at eqy

strategy I ncl udes the proper ordering of the strategles.
driven pl annisygtesy $eeates through she posiemsi and alldwegdh chamgeés uhtllcpmbfenhs over -

aut omated strgfe Teflo f th | a effort.is effecti
pr ogr anmabl e_%r%ﬂ%@“ﬁtﬁ ‘frﬁd? g?é) §eé8 gbsstofs |ﬂ§?|ﬁ%‘g V\}ﬁ}'gt he
user would | ldgeomati@%mm@arﬂaﬂpmbwmgﬁs ehaprasby fie Befmitied bf Rerategies

| and integration of manual and automatic changes.

.Ogeration of Planning System

A strétegy driven pIannihg system is provided that allows a user to
execute automated strategies cooperatively with manual planning efforts
in order to resolve problems with a current plan. The strategies enable
automation of sets of changes the user may want to perform in order to
successively adjust the current plan to approach an optimum plan. The
planning system provides superior planning resolution based upon the
higher speed and efficiency and more detailed analysis made possible by
a digital computer. Those benefits are coupled with a high degree of

| cooperation between the. aut_ométic strategies and a user. The user is
freed from performing repetitive work and can focus efforts on innovative
and intuitive planning changes. |
" Finding an ab’solutély optimal plan given the current inputs is not of
primar_y importance to most planners. Rather, it is more important to
modify a plan in place previously in response to changes such that the
plan is still feasible and meets certain desirability criteria and that there is
least disturbance to the dperations. There are a large number of
plans that are reasonably close to an optimal plan, any_ one of
- which can be acceptable. One real problem posed by planning a user
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20 - net. These strafegies, coupled with a problemoriented plan analysis,
al l ows manual and automated changes to be interm xed. Manual steps which
éssentially pause and wait for a user to do sonme nanual - work can be added
to script what a planner should do. A planner is enabled to use strategies
to automate groups of changes that otheggi se the planner would be required

to acconplish manual ly. An enbodi nent of the invention can provide
cooperative integration of nanual and aut omated planning and integration
across successive planning efforts of an ongoi ng pl anni ng process. - . An

enbodi nent of the invention can provide .for the definition and use of

strategi es | RehitghA@nR iPtAE di@asmgp prédeddl efmighiafiinga ¢sadisiei planathabange
selection criteria, plan optimality criteria, search criteria, ternination
criteria, andem@insreas neen anueptimek plans ol Therenater benefitseins Steant i fi ed

(72 Lot on DB BSHRh SBOEREN J e AR g g e
of infeasi bi lte¢hriigues @nar g ailewirioimeakibienplapsitoadxist and be adjusted to
feasible plans. ' |

The automated strategies work in coerratio_n with manual planning
efforts rather than replacing them as with conventional planning systems.
It is often unreasonable t.o, assume that all necessary planning'information
can be available to a completely automated planning system. There may
-be' more possibilities in the real world than a .planning system can be
programmed to take into account. Many of the most difficult decisions and
trade-offs should be made by a user of the planning system. ~On the other
hand, manufacturing and other planning efforts include many planning
tasks efﬁciently addressed through the use of automated strategies.

Both manual and automatic adjustments to the plan are used to
provide a well maintained plan. Automated strategies executed by the
planning system impfove the existing plan by making adjustments without
eliminating manual adjustments made by a user. Thus, a planning effort
produced previously ié not discarded due to new conditions.

A strategy driven problem oriented planning process identiﬁes
problems and then expl_ore_s various strategies to adjust the current
plan to alleviate those problems. This approach is used whether

- automated or manual adjustments to the current plan are performed.
The problems that are identified can include conditions that violate
feasibility, such as over-utilized resources, negative balances and
inventories, and hard constraint violations. Conditions that affect the




pl an. - An enbodi ment of the invention can provide strategies that

all ow a human pl anner to specify to the process of what to do next, what

. not to do next, how optimal .is defined, and when to stop. In addition,
sub-strategi es allow human planners to create full scripts to coordinate
the planning process. The problemorieffed nature highlights exceptions
for the human planner to address. Further, the autonmated processes al so
address the exceptions in the same sort of flow a human pl anner woul d use.
This makes it transparent and understandable to a human planner which are
difficult properties to achieve in such conpl ex WD 97/ 00490

PCT/ US96/ 099@iesirability of the current plan also can be identifisd as problems. These

include such things as late orders, short orders, higher inventories and
higher costs. | | . o

Problems are id_entiﬂed; collected and classified according to type
and severity. When the curmrent plan is adjusted, the lists of problems are
adjustt_ad'as well. These problem lists can be filtered as desired such as
based upon type, area, severity, or tolerances. Filtering allows a user to
obtain a list of problems that are most critical without being forced to

"search manually. After each planning adjustment, the user can
immediately be shown new problems that were created in the current plan
and any problems that remain. .

Automated Strategies operate upon the pfoblem—oriented paradigm.
Each strategy defines which problems are to be addressed, which
changes ‘can be used to adjust the current plan to eliminate those
problems, how to choose the best adjustments, and what adjustments are
-to be executed until a desired resolution is found.

Infeasible plans are allowed to be generated. By allowing
infeasible plans to exist, a more seamless integration between manual
and automated efforts is accomplished that simplifies planning efforts.
Infeasible plans' can be beneficial to users of a planning system to

~ determine whether changes should be made to the user environment in
addition to making changes to a plan.

The use of automated strategies produces results that a user
'might obtain manually . but does so much more quickly and
efficiently. Invocation of strategies to take . care of numerous,
repetitive planning adjustménts is understandable and natural for a
user allowing: integration _with the user's manual planning efforts. In

o2JuLw® | |




processes but are very valuable for such cooperative ~applications.

Al t hough the present invention has been described in detail, it
shoul d be understood that various.changes, 5  substitutions and
alterations can be nmade hereto w thout departing fromthe spirit and
scope of the invention as defi neggby the appended cl ai ns. '

22 WHAT IS CLAIMED | S: 1. A strategy driven
pl anni ng system for autonatic - execution of planning strategies,
conpri si ng: ' :

other problems and combinations of problems. A strategy further defines
which planning adjustment changes are allowed. For instance, a change
may be to plan an operation earlier or later, to reduce a quantity (short
order), to choose a resource, to combine, split or overlap operations, to
_split orders, or to perform other such changes.

A user may want to disallow a change defined by a strategy under
some circumstances. For example, a user may want the strateéy totry to
balance a resource, but Without making anything late or short. The -
strategy may specify that changes that make things later or reduce

~ quantity cannot be performed. The strategy process must make due with
the other possible changes.

Sequences of strategies may be composed together as mulﬁ-phase
strategies. Each strategy in a multi-phase strategy is executed one aftér
another. Manual phases can be included in a multi-phase strategy such |
that the automated strategy is paused for a user to consider performing
some manual planning change. Different users may develop their own
multi-phase strategies that they find effective in different situations.
Further, these strategies can:be shared with other planners. Multi-phase
stratégies can also be used to take adyantage of speciai characteristics of
a manufacturing plant or other user environment. For example, some
process flow scheduling fnanufacturers are more effective if they can plan
various stages in a certain order. Each stage can be addressed by a
different phase of a strategy, where the multi-phase strategy includes the
proper ordering of the strategies. '

A strategy driven planning sysfem provides a user with a high level
of control over automated strategies. The flow of the planning effort is
effectively programmable through the definition of strategies that inciude
what the user would like to achievé and by what changes the goal can be
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5 _ a planqdefiﬁing a schedul ed operation of a user
envi ronnent ; ' an environnent defining behavi or and

constraints- of t he user . envi ronnent; - a plurality
of automatic strategies, each automatic 10 strategy defining a plan
dormai n, problem sel ection criperia, plan optimality criteria and
termnation criteria; a pl anni ng engi ne operable to access
the plan, the environnment and the plurality of automatic
strategi es, 15 t he pl anning engine further operable to identify a
plurality of problens by conparing the plan to the behavi or and

constrai nts daél ndihese strategies| rconpiaa withnd problem-orientmi%FHﬂ anglysigcecute a
sel ected autonmtic stralt eﬁé and to %dj‘ust t he pl.an according to
the sel ect ed 31GWShRENHal ang @utomgied, changes, tebe intermixed.” Manyal steps
interface COwgigN esSehtiallybativd 4 @28t foF a lﬁ%}@ to do some miffal WBHEESRCE
operable to allow a user to interact with the planning engine in order to
sel ect and i e added to script whatexplannepshotididee Agdlannerisanabed tauser at egy.

§t5 rategy fur tsﬁ'ateQI§? itﬁlgsgsﬁ'ﬁtagg}?gp@g? :ﬁ?afl?pﬁv’\g rﬁgloghgf%ge e planner
would be required to accomplish manually. |
An emb'odiment 01-' the invention can provide cooperative integration
of manual and automated planning and integration across successive
| planning efforts of an ongoing planning process. - o
| An embodiment of the invention can provide for the definition and
use of strategies including a plan domain, problem selection criteria, a
change selection criteria, plan optimality criteria, search criteria,
termination criteria, and sub-strategies, to automate resolution of problems
identified in a given plan. These strategies 'can be invoked manually or in
multi-phase strategies by a user of the planning system in order to
automate resoiution of infeasibilities and progress towards an optimal
plan. | |
| An embodiment of the invention can provide strategies that allow a
human planner to specify to the process of what to do next, what not to do
next, how optimal is defined, and when to stop. In addition, sub-strategies
allow human planners to creaté full ‘'scripts to coordinate the pianning
process. The problem-oriented nature highlights exceptions for the
human planner to address. Further, the automated processes also
address the exceptions in the same sort of flow a human planner
would use. This makes it transparent and understandable to a
human planner which are difficult properties to achieve in such complex
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;F:Lﬁihngri teria. eng;;i?)ge S opergbl e ;I'g'ei (Sjgzt ?;nyogrgﬂmuﬂlufmlﬁuﬂﬂm

ffeasibility problens and desirability problens. : The
systemof Claim1, wherein at |east one 35 automatic strat egy in the
plurality of automatic strat egpes corrpri ses at | east one
sub- strat egy. _ 23
5. The syst&LA]‘_&I aim4, wherein the sub-strategy _

1. A computer implemented strategy driven planning system for

automatic execution of planning strategies, comprising:
plan storage defining a plan for scheduled operation of a user
environment,
environment storage means defining behaviour and constraints of
the user environment; |
strategy storage means defining a plurality of 'automatic stratégies,
each automatic strategy defining a plan domain, problem selection criteria,
plan optimality crit_eria' and termination criteria; |
a planning engine configured to be operable to access the plan, the
environment and the automatic strategies in the storage means, the
planning engine being configured further to be operable: - |
to identify a plurality of problems by comparing the plan to the
behaviour and constralnts defined by the enwronment
to execute a selected automatic strategy and to adjust the plan
according to 'the selected automatic strategy; and
a user interface coupled to the planning engine, the user interface
being operable to allow a user to interact with the planning engine in order
to select and initiate execution of the selected automatic strategy, wherein
‘the planning engine repeats the operations of identifying and executing to
create a plan.

2. The system of claim 1, wherein each automatic strategy further
includes change selection criteria and search criteria.

3. The system of claim 1 or claim 2, wherein the planning engine is
operable to identify problems that comprise feasibility problems and -
desirability problems. '

4. The system of any preceding claim, wherein at least one automatic
strategy in the plurality of automatic strategies comprises at least one sub-

strategy. ' REPLACEMENT SHEET
02 JUL 1999
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strategy. 7. The systemof Caim1, whereifh the bl ahring
engine is further operable to all ow execution of a manual

strategy. 10 8. The spstemof Claim1l, wherein the user
envi ronnment conprises a manufacturing plant and the plan

“conprises a schedul ed operation of the manufacturing pl ant. - 15

9. The syst gy of ﬂé‘g@é@{% o of MaiRE AV bP cidh 18, 'wmeée%rqu a“ré ai nt's

conprise limts of ca resources in _ cturing
pl ant . 3forage deviceldbmprises atjeastord ménsarmdevicgherein the plurality of
probl ens conprise identified instances where schedul ed

p/

20. The digital computer of any one of claims 17 to 19, wherein the
user interface provided by the display comprises a graphical user
interface. | ' | |

21. The digital computer of any one of claims 17 to 20, wherein the
planning engine is operable to identify problems that comprise feasibility
problems and desirability problems. - |

22. The digital corﬁputer of any one of claims 17 to 21, wherein at least
one strategy in the plurality of strategies comprises at least one sub-
strategy. | o

23.  The digital computer of any one of claims 17 to 22, wherei_n the
data storage device is further operable to store data representing a
manual strategy and the planning engine is operable to allow execution of
the manual strategy.

24. A method of automatically operating a strategy driven planning
system in a digital computer to execute planning strategies, comprising:
providing a plan defining a scheduled operation of a user
environment, the plan being stored by the digital computer;
providing an environment defining behaviour and constraints of the
us_ér environment, the environment being stored by the digital computer;
providing a plurality of automatic strategies each defining a plan
domain, problem selection criteria, plan optimality criteria, and termination
criteria, the automatic strategies being stored by the digital computer;
| accessing the plan, the environment and the automatic strategies;
identifying a plurality of problems by comparing the plan to the
behaviour and constraints defined by the environment:  |REPLACEMENT SHEET

02 JUL 1999




operat ion of the manufacturi ng pl ant viol ates | | m ts f),"l"”""“""uuﬂm city
and resources in the manufacturing plant. nstem

of Caim8, wherein the behavior and const raint$ conpride Finits
of buffers and material flow in the manufacturing plant.

12. The systemof C aim 11, wherein thegglurality 30 of problens
conprise identified instances where schedul ed operation of the
manuf acturing plant violates limts of buffers and material flow
in the manufacturi t m o | m 8,
wherein the behawéc;)(rgcgirln@é] a sgjaected C%Lﬁgwggf;n§tg§t§g¥p$ﬁ%ee}/cﬁ¢%qgsfﬁbq p@ rﬂ)am ty
and according to thas selectedniomatic strategyt st ri bution net work.

providing a user interface to allow a user to interact in selecting and
initiating execution of the seleded automatic strategy; and
repeating the steps of identifying and executing to create a plan.

25. The method of claim 24, wherein providing a plurality of automatic
strategies comprises:providing automatic strategies each further defining
change selection criteria and search criteria.

26. The method of claim 24 or claim 25, wherein identifying comprises
generating a list of problems that comprise feasibility problems and
desirability problems. '

27. The method of any one of claims 24 to 26, wherein providing a
plurality of automatic strategies comprises providing at least one
automatic strategy that comprises at least one sub-strategy.

28. The method of any one of claims 24 to 27, further comprising
allowing execution of a manual strategy.

29. The method of any one of claims 24 to 28, wherein executing a
selected automatic strategy and adjusting the plan comprises the steps of:
“identifying problems in the plan domain of the selected automatic
strategy; '
selecting problems according to the probleni selection criteria of the
selected strategy;
selecting a problem to resolve;
selecting an allowed change according to the change selection -
criteria of the selected automatic strategy;




(2.)1f1 pr obl ems. corrpr.i éélﬁde-rl;??f?gzt?nms?;ngegi \Thé?e \Qﬂﬁ;ﬁmmmmm "mlmll '

operation of the manufacturing plant violates limts & ¢ * " % cdpacity

and resources in the manufacturing plant. 5 15. The
system of Claim8, wherein the behavi or2édnd : constraints conprise
limts of buffers and material flow through a distribution

net wor k. 10 16. The systemof Cdaim 15, wherein the plurality
of problems conprig@cLfify iid éQ8cteddnainges Where schedul ed operation of the
manuf acturing plant violates limts of buffers and material flow

in the manufactur iidentifyingtproblems with the adjusted plan;
returning to the step of selecting an allowed change if the number
of problems was not reduced; '
returning to the step of selecting an allowed change if allowed |
changes are exhausted: and

returning to the step of selecting a problem to resolve if the problem
subset is not resolved. | ‘ |

30. The use of a systém according to any one of claims 1 to 16 for
planning the operation of a manufacturing plant. -

REPLACEMENT SHEET
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25 17. A digital conputer executing a 5{0%5 :ﬁgg)@t,em
-*for automatic execution of planning strategies, o%g I'Si ng:

a data storage device operable to store data 5 representing a plan,
an environnent .and a plurality of automati c strategi eggmWherein -
the pldn defines a , . i schedul ed operation of a user envjgulige
envi ronnent defi ehavi or waiif N DE0TGA IPEGPERT® brdaRRaTiRE " aS

envi ronnent , andpggﬁ of the plurali (=gt mat i c 10 strategi es
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(54) Title: STRATEGY DRIVEN PLANNING SYSTEM AND METHOD OF OPERATION \/
{7) Abstract '

A strategy driven planning system {10) is provided that includes a plan P '
(14) defining a scheduled operation of a user environment. An environment
(16) defines bebavior and constraints of the user environment, A plurality of 14 3
g:mgil: GO)mhdeﬁnMgzlzgian a:dm (22), problem (se;ection criteria -"‘1 V.
), plan optimality criteria termination criteria (32). A planning
engine (12) is coupled 1o the pian (14), the plurality of constraints (16) 16N CONSTRAINTS |
and the plurality of strategies (20). The planning engine (12) is operable 1
to identify a plurality of problems (18) by comparing the plan (14) to the 8-
behavior and constraints defined by the environment (16) and is operable to
adjust the plan (14) according 1o a selected strategy. A user interface (28) is
coupled to the planming engine (12). The user interface (28) is operable to
allow a user to interact with the planning engine (12) in order to adjust the 224
plan (14) and the environment (16) and to select and initiate execution of a
selected strategy. ’
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processor executing 20 the software systé&mto provide;

a pl anni ng engi ne operable to identify a

conparing the plan to the behavior and c®fstraints -defined by the

envi-ronnent and

strategy and

sel ected aut gemtd S Cra. 18. The digital conputer
wh ks ThiEh 1s: data storage device conprises at |east one

operable to execute the selected automatic

9964
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plurality of problens by

25 to adjust the plan automatically according to the

Claiml1l7,
magneti c data 30 ~storage devi ce. _
26 1. A strategy driven planning system for automatic

10

15

20

25

30

35

execution of planning strategies, comprising:

a plan defining'a scheduled operation of a user
environment;

an environment defining behavior and constraints of
the user environment; | _

- a plurality of automatic strétegies, each automatic

strategy defining a plan domain, problem'selection
criteria, plan optimality criteria and termination

criteria; ' : =

a planning engine operable to access the plan, the
environment and the plurality of automatic strategies,
the planning engine further operable to identify a
plurality of problems by comparing the plan to the
behavior and constraints defined by the environment, and
operable to execute a selected automatic strategy and to
adjust the plan according to the selected automatic
strategy; and

a user interface coupled to the planning engine, the

‘user interface operable to allow a user to interact with

the planning engine in order to select and initiate
execution of the selected automatic strategy.

2. The system of Claim 1, wherein each automatic

strategy further defines change selection criteria and

search criteria.

3. The system of Claim 1, wherein the planning

engine is operable to identify problems that comprise

feasibility problems and desirability problems.
4. The system of Claim 1, wherein at least one

automatic strategy in the plurality of automatic
strategies comprises at least one sub-strategy.
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19. The digital conputegf d ai ?‘Jmluﬂmnlll mll"(ﬂll AU&Q&/aQeg 9 6L

devi ce conprises at | east one ne ¥997

digital conputer of Claim17, whereln t he user intertace prOV|d
by  t he di splay conprises a grapg#fal user i nterface.

21. The digital conputer of Claim1l7, whétein the pl anni ng engi ne
I's operable to identify probl ens that conprise feasibility

probl ems and desirability problens. 22. The digital conputer of Caim
17, wherein at g, Thé té%ﬁ‘eoﬁtéféﬁgyaz' %ﬁé@eﬂ%ﬁé'é%b%ﬁxé&% gi es

conprises at.|east, one sub-s rate<¥ t al
conput er of Cf%WH?Hﬁesvﬁ%r%HFPW?E? Sequenced%faS%?%#%@ﬁ?%eV|ce is further

operable to store data

6. The system of Claim 4, wherein the sub-strategy
5 includes a manual strategy.

7. The system of Claim 1, wherein the planning
engine is further operable to allow execution of a manual
strategy.

10 o

8. The system of Claim 1, wherein the user
environment comprises a manufacturing plant and the plan

 comprises a scheduled operation of the'manufacturing

=

Q)

plant.
15
9. The system of Claim 8, wherein the behavior and
constraints comprise limits of capacity and resources in
the manufacturing plant.

20 10. The system of Claim 9, wherein the plurality of
problems comprise identified instances where scheduled -
operation of the manufacturing plant violates limits of

<f§ 'capaéity and resources in the manufacturing plant.

25 "~ 11. The system of Claim 8, wherein the behavior and
constraints comprise limits of buffers and material flow
in the manufacturing plant.

12. The system of Claim 11, wherein the plurality
30 of problems comprise identified instances where scheduled
| operation of the manufacturing plant violates limits of
buffers and material flow in the manufacturing plant.

13. The system of Claim 8, wherein the behavior and

35 constraints comprise limits of capacity and
transportation resources in a distribution network.
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27 . 24. A method of autondiléalry operating a strategy
driven planning systemin a digital conp &1 to ‘execute pl anni ng
strategi es, conprising: H%OV|d|ng a plan defining a
schedul ed use of a user 5 envi ronnent ; provi di ng an
envi ronnment defining behavior and constralnts of the user

envi ronnent ; 14, The syst¥iWeicinfh i Alde O U WAL Ay 21 201 e
each - - d f|n|n l an donmal n, )l em sel"éct1on “Cri

erl | an
of problems comprlse 1dent1f1ed instances where scheduleg
operation of the manufacturing plant violates limits of
capacity and resources in the manufacturing plant.

15. The system of Claim 8, wherein the behavior and
constraints comprise limits of buffers and material flow
through a distribution network.

10 16. The system of Claim 15, wherein the plurality
of problems comprise identified instances where scheduled
C:} " operation of the manufacturing plant violates limits of
buffers and material flow in the manufacturing plant.
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and constraints defined by the Envir ohment ;

executing a selected autonmatic strategy ggq 15 adj usting the plan
according to the selected automatic strategy; and

repeating the steps of identifying and executing to create an
accepéable pl an. 25. The nethod of C aim 24, wherein
providing a \V LAt WP r

provi di ng 17- aut o J?Jia{c:|E s%&g%&%]gs%éem&ﬂ%%g?tén?i&%tefi ni n% change
selection crifiey iantoratiqrereeution of planningstrategiess  The net hod
of g}aIWIZﬁ éﬁﬁﬂfﬁé&ﬂ@entlfylng f conprises generating a |ist of
probl ens t hat conpri easi bili robl ens_a esirabilit

pr obl ens. data storage q?ﬁ??ﬁn?ﬁﬁf?#&éaEﬁrﬁﬁﬂr Wﬂ% ¥3in prOV|dYng
a 5 representing a plan, an environment and a plurality of

automatic strategies, wherein the plan defines a
scheduled operation of a user environment, the
environment defines behavior and constraints of the user
environment, and each of the plurality of automatic

10 " strategies defines a plan domain, problem selection
criteria, plan optimality criteria, and termination
(T criteria;
N

an execution memory operable'to store data -
representing a software system;'
15 a display operable to provide a user interface to a
‘user to allow a user to select and initiate executlon of
an automatic strategy, and
a processor coupled to the data storage'device) the
execution memory and the display, the processor executing
20 the software system to provide;
' ~ a planning engine operable to identify a
plurality of problems by comparing the plan to the
<j§ . behavior and constraints defined by the énvironment and
operable to execute the selected automatic strategy and
25 to adjust the plan automatically according to the
selected automatic strategy. '

18, The digital computer of Claim 17, wherein the

data storage device comprises at least one magnetic data
30 storage device.
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sub- strat egy. The" mthdd o6f C aim 24, fur her
conpri si ng 35 al | owi ng execution a manual strategy.

28 29. The. nethod of C aim<24, wherein executing a
sel ected automatic strategy and adjusting the plan conprises the
st'eps of: i dentifying problens in the plan donain of the 5

sel ected aUtonat'C1§Erakﬁgyaigital computer of Claim 17, wherein the
' data storage device comprises at least one memory device.

20. The digital computer of Claim 17, wherein the
5 user interface provided by the display comprises a
graphical user interface.

21. The digital computer of Claim 17, wherein the
.planning engine is operable to identify problems that
10 comprise feasibility problems and desirability problems.

(:} 22. The digital computer of Claim 17, wherein at
) least one strategy in the plurality of strategies
comprises at least one sub-strategy.

15
23. The digital computer of Claim 17, wherein the
data storage device is further operable to store data
representing a manual strategy and the planning engine is
operable to allow execution of the manual strategy.
20
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sel ect-ed automatic straf r Ss§11OCT 1997
sel ecting an all owed change accordlng he change 10 sel ecti1on

criteria of the selected automatic strat executing the

sel ect ed change; I denti fying oblens wi th the adjusted plan

returning to the step of selecting an all owed change I f the nunber
of probl enms was not reduced 15 returning to the step of selecting

an allowed change g4, Fﬁ&aO&edaﬁeaﬁsﬁcawyeesﬁayééfﬁg anstrate
returning to the step of selectin probl.emto . resolve if ﬁy

pr0b|en]Subsegrpgeﬁoplpggbpgegystem in a digital computer to execute
planning strategies, comprising:

providing a plan defining a scheduled use of a user
5 environment ;
providing an environment defining behavior and
constraints of the user environment;
providing a plurality of automatic strategies each
defining a plan domain, problem selection criteria, plan
10 optimality criteria, and termination criteria; :
identifying a plurality of preblems by comparing the
{:> plah with the behavior and constraints defined by the
‘environment; _ '
executing a selected automatic strategy and
15 adjusting the plan according to the selected automatic
'strategy; and _
repeating the steps of identifying and executing to
create an acceptable plan. ' ' '

20 . 25. The method of Claim 24, wherein providing a
plurality of automatic strategies comprises providing
automatic strategies each further defining change

Cj} - ~ selection criteria and search criteria.

25 " 26. The method of Claim 24, wherein identifying
comprises generating a list of problems that comprise
feasibility problems and desirability problems.

27. The method of Claim 24, wherein providing a
30 plurality of automatic strategies comprises providing at
' least one automatic strategy that comprises at least one
sub-strategy.

28. The method of Clalm 24, further comprlslng
35 allowing execution of a manual strategy.
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28

29. The method of Claim 24, wherein executing a
selected automatic strategy and adjusting the plan
comprises the steps of:

identifying problems in the plan domain of the
selected automatic strategy;

selecting problems according to the problem
selection criteria of the selected automatic strategy;

selecting a problem to resolve; |

selecting an allowed change according to the change
gselection criteria of the selected automatic strategy;

executing the selected change;

identifying problems with the adjusted plan;

returning to the step of selecting an allowed change
if the number of problems was not reduced; :

returning to the step of selecting an allowed change

'if allowed changes are exhausted; and

returning to the step of selecting a problem to
resolve if the problem subset is not resolved. '
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