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Flexible Time Modeling of a Facility

Technical Field

LHE ! The presently disclosed subject matter relates to decision support fools for the
operation of g tacility, such as planning and scheduling of operational events of the
facility. In particular, the presently disclosed subject matter describes flexible time
modeling of the operations in and around a facility, where the scheduling events are

coordinated ahead of time 1n order for them to remain in line with the planning horizon.

Background

[062] Conventional decision support tools for operational problems in the oil and
gas industry separate planning and scheduling of activities within a facility into two
distinct processes that take place in two different contexts. However, these two types of
tasks are inherently interdependent, because the plan provides guidance for the
irnplementation of the schedule and the schedule must represent real-world events while

observing the business goals set out during the planning process.

(6663} Forming and executing a schedale is typically defined by operational events
within a site, or by external factors that affect the operations within the site. In the
context of tirae, scheduling decisions are based on moments when the events occur, more
often than on preset time periods, such as days, weeks or months. Moreover, schedulers
make decisions according to “aggregate” expectations during these events. In other
words, certain events in the schedule are formulated in anticipation of future events that
they affect or that they are influenced by. This interaction between clements of the
schedule needs to be coordinated in the context of real-world feastbility as well as 1o

view of economic metrics.

[(004] Planning, on the other hand, normally takes place in an entirely different
fraraework of avalysis than schedoling. Naroely, planning i1s conducted 1o a single-
period model, where given raw-material and product prices, crude receipts, refinery
models and constraints deterraine average roonthly guantities of products and

intermediates and average operating modes and conditions. In other words, in contrast



WO 2015/119729 PCT/US2015/010130

with the scheduling which focuses on achievabiiity of tangible events, the planning tasks
concentrate on the economic optimality, where time averaged profitability, for example,

i3 set as a goal for cach unit of time within the eutire planning time peniod.

[6005] However, while the planning tasks join uniforro segments of time containing
the averaged data into a single-period model, the segments of time within the schedule,
ou the other haud, are generally event-based. Accordingly, the schedule 1s managed by a
multi-period medel, where, for example, inventories, product liftings or operating modes
change weekly or daily. Morcover, the events of one time period of the schedule affect

the subsequent oues, thereby further diminishing their mutual untformity.

(6866} These divergent characteristics of the single-period model of the planning and
the multiple-period model of the scheduling ereate difficulties in aligning a feasible

schedule with the planning related expectations.

{3807} In light of the discussed problems of the existing technology, there is a need
for a tool that is capable of bringing the planning and scheduling models closer together.
Specifically, there is need for a techuique that would set one of the two time models as a
reference and derive the other one accordingly by providing a degree of flexibility to the

derived one so that it can be adjusted based on the referenced one.

Summary

G608} The presently disclosed subject matter relates to a planning and scheduling
tool that provides a user with the ability to perform flexible tiroe modeling of operational
events within a facility so that economic goals do not collide with feastbility of the
schedule. This may be achicved by a “look-ahcad” scheduling technique, which may
analyze several time periods of the schedule in anticipation of upcoming dominant
cvents, in order for cach segruent of the schedule to remain practicable and as consistent

with the planning objectives as possible.

[3809] The presently disclosed subject matter provides a method of planning,
scheduling and operating a facility. The method comprises: {a) using a computer system
that stores an application for determining a plan and a schedale for the operation of a

facility; (b) acquiring data from operational activities of the facility; (¢} aggregating the
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acquired data and defining a roathematical model for the aggregated data to be
processed; {(d) solving the mathematical model and obtaining results, wherein the
obtained resulis determine the plan for the operation of the facility; (e} extracting
operational data and combining the operational data with the results obtained by the
mathernatical model 1n order to apply flexable time modeling, wherein the flexible time
modeling includes: (1} defining a set of targets achievable by the schedule, and (2)
analyzing a portion of the schedule covering a plurality of upcoming operational cvents
of the facility in order for the analyzed portion of the schedule as a whole to remain
consistent with the results obtained by the mathematical model and with the detined set
of achievable targets; (f) disaggregating data that pertains to the analyzed portion of the
schedule and determining the schedule according to the disaggregated data; and {(g)
applying the application to operate the facility according to the determined plan and the

determined schedule.

[6016G] The mathematical model may be solved as a multi-period model that may
process data of a plurality of timne periods. Further, the portion of the schedule may
inchade an entire operational time period analyzed by the plan. The flexible time
modeling may be reapplied upon occurrence of a subsequent operational event that is not
accounted for in the mathematical model, and that occurs prior to implementation of the
schedule. The mathematical model may include a strategy-based optitnization. Data
aggregation may be performed by an average aggregation technique, a snapshot
aggregation technigue or a customized aggregation technigue. Similarly, data
disaggregation may be performed by an average disaggregation techuique, a snapshot

disaggregation technique or a customized disaggregation technique.

6011} The presently disclosed subject matter provides a computer system for
planning, scheduling and determining the operation of a facility, the coraputer systom
being programmed to perform steps that comprise: a) using a computer system that
stores an application for deternuning a plan and a schedule for the operation of a facility;
{b) acquiring data from operational activitics of the facility; {c¢) aggregating the acquired
dats and defining a rmathematical model for the aggregated data to be processed; {d)
solving the mathematical model and obtaining results, wherein the obtained results

determine the plan for the operation of the facility; (e} extracting operational data and
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combining the operational data with the results obtaimed by the mathewmatical modelin
order to apply flexible time modeling, wherein the flexible time modeling inchades: (1}
efining a set of targets achievable by the schedule, and (2) avalyzing a portion of the
schedule covering a plurality of upcoming operational events of the facility in order for
the analyzed portion of the schedule as a whole to remain consistent with the resulis
obtained by the mathematical model and with the defined set of achievable targets; {f)
disaggregating data that pertains to the analyzed portion of the schedule and determinmng
the schedule according to the disaggregated data; and (g) applying the application to
operate the facility according to the determined plan and the deterruined schedule. In
another embodiment, the present invention provides a noun-transitory machine-readable
storage medium comprising instructions which, when executed by a processor, cause the

processor to perform these steps.

6012} In both the computer system and the non-trausitory machine-readable storage
medium the mathematical model may be solved as a multi-period model that processes
data of a plurality of time periods. Further, the portion of the schedule may include an
entire operational time pertod analyzed by the plan. The flexible time modeling may be
reapplied upon occurrence of a subsequent operational event that is not accounted for in
the mathematical model, and that occurs prior to implementation of the schedule. The
mathernatical model may include a strategy-based optimization. Data aggregation may
be performed by an average aggregation technique, a snapshot aggregation techoique or
a customized aggregation technique. Similarly, data disaggregation may be performed
by an average disaggregation technique, a suapshot disaggregation techmque or a

customized disaggregation technigue.

Brief Description of the Drawings

[6013] FIG. 1 shows an example of a refinery to which the tool of the present

mvention can be applied.

[6014] FIG. 2 shows a comparison between a conventional planning and scheduling
technique and the “look-ahead” planning and scheduling approach of the present

invention.
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[G815] FIG. 3 shows an exarople of transiating the single-period model of a plan 1uto

the multi-period model of a schedule of the present invention.
[3016] FIG. 4 shows an cxample of data aggregation and disaggregation.

[B317] FIG. 5 shows a process behind the transiating of the planning model into the

scheduling model of the present invention.

Detailed Description

G018} The presently disclosed subject matter provides a tool for the operation of a
facility(s). The tool is preferably a decision support tool, but 1s not intended to be so
limited; rather, it is contemplated that other tools or means that enable planning and
scheduling are within the scope of the presently disclosed subject matter. The presently
disclosed subject matter will be described in connection with one or more petrochemical
factlities for purpose of illustration. It 15 intended that the presently disclosed subject
matter may be used at any site where planuning and scheduling are a normal part of
operating the sitc. The operation of a petrochemical facility may involve various
decisions, including the process operations, blending operations, transportation of
materials (¢.g. foeds, intermediates, or products) to and/or from the facility {e.g. via
marttime shipping, vail, truck, pipeline, efc.), cargo assignments, vessel assignments,
cvaluation and selection of raw or feed materials, and the timing of these activities.
Examples of petrochernical facilities include, but are not lirnied to, refineries, storage
tank farms, chemical plants, Iube oil blending plants, pipelines, distribution facilities,
LNG facilities, basestock production facilities, and crude, feedstock and product
blending facilitics. The presently disclosed subject matter may also be used n
conncction with facilitics that produce and transport crude oil and/or refined ntermediate
and/or finished products including but not imited to chemicals, base stocks, and
fractions. It is also contermplated that the presently disclosed subject matter may be used
in other operations and facilities that are not associated with petroleum and

petrochemical processing, but where planning and scheduling issues are present.

[6019] Figure | shows an cxample of a refinery or petrochemical facility that can be

operated utiizing the presently disclosed subject matter. The refinery 1nclades storage
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tanks 20 and processing equiproent 30 {e.g. crude distillation units, steam and catalytic
cracking units, hydroprocessing units, blenders, reactors, separation untts, mixers,
chemical processing uuits, utilities (imcluding the supply of hydrogen and other feeds
necessary for the production of refined products) etc.). Operations in the refinery include
the transfer 12 (discharging and/or loading) of materials between the ships 10 and
storage tanks 20. There may also be transfers 22 of material between tanks 20. There
may also be transter 24 of materials between storage tanks 20 and processing equipment
30. There may also be transfer 32 of materials between processing equipment 36,
Processing equipment 30 may transform a feed material or raw matenal into a different
material. The operation of the refinery can include numerous other activities, such as
sclection of raw materials, ctc. The tool in accordance with the presently disclosed

subject matter voay be utibized to plan and schedule for the operation of the facility.

[6026] Figure 2 compares a lack of coordination between conventional planning and
scheduling tasks on one hand, and an improved correlation technigue of one example of
the present disclosure, on the other hand. The top image of Figure 2 represents a relation
between the planning and the scheduling processes of the conventional technology. The
bottorn drawing 15 an cxample of flexible time modeling which results i better
alignment of the schedule with the planning goals. In both drawings dashed lines indicate
teasible inventory constraints, 1.¢. an upper and 4 lower liratt of the inventory level of 2
product at hand. Moreover, in both images a thin solid line represents a planned
inventory level of the product. The plan may be managed by a single-period model,
where data may be asserabled for the entire duration of a calendar based planning period,
¢.g., onc month, and then averaged and analyzed according to indicators of economic
performance, for exaraple, profitability. Further, the uniforro tivae segments that include
the averaged data may be assembled together into a plan that may establish the desired
mventory level of the analyzed product, in order to ruaintain targeted profitability, For
the purposes of comparison, the inventory coustraints and the planned inventory level are
maintained the same in the exaraple representing the conventional technique, as well as
in the example of the novel methodology, described herein. However, the example of
the schedule of the present disclosure outperforms the schedule of the conventional art in
terms of following the planning wstructions while reaintaining the feasibility of

implementation.
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{6621 Namely, the real-world events of the schedule may affect the inventory as
they occur, for example, daily or every few days, and may instantancously increase or
decrease the level of the product. As a result, the scheduling decisions may be non-
linear, because they may be made in discrete time segments and in an environment of
uncertainty. Counsequently, the multiple-period model of the scheduling process may not
allow the scheduler to maintain a constant inventory level of the product on a daily basis,
and to exactly match the overly coarse and himited single-period model of the plan.
Instead, the scheduler traditionally adjusts the inventory level of the product in a reactive
fashion by observing the current level, the planned level and the quantity of the product
available, in light of recent operational events at the facility. In order to assist the
scheduler in responding adequately to the new operational circumstances, the planning
may be performed by incorporating a strategy-based optimization, discussed in detail in
International Application No. PCT/US/2013/045301 (published as WO/2013/188481),
the entire contends of which are hereby incorporated by reference. In other words, a

strategy may be developed in order to communicate intent behind the established plan.

[6822] A strategy based approach allows the scheduler to interpret the planning
instructions 1o a more intclhigible manner. Nevertheless, conventional technology
provides a short-sighted decision support environment, where the scheduler uses
judgments and applics strategies in a reactive manner with a higher craphasis on the
current conditions relative to the future ability to meet planned goals with feasibility. In
other words, traditionally, the scheduling tasks performed in view of the plan, or even in
observance of the intent and the spirtt of the plan, ignore or downplay the futare
constraints caused by the subsequent foresceable events and the upcoming operational
restrictions. While this may vot cause operational infeasibilities, frequently it can lead to
fost opportunity in terms of meeting planned profitability across the schedule. This lack

of foresight will be further explained in refercnce to Figure 2.

[(023] Turning to the top portion of Figure 2, the scheduler may move along in the
context of time and react to the operational events as they occur. An issue arises when,
at a cortain moment in time, the operational circumstances become such that in order for
the scheduled mventory to be changed in line with the planning instructions, the

available gquantity of the product, upon being added to the current mventory level,
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exceeds the allowable upper Himit, As a result, the schedule becomes infeasible.
Accordingly, the scheduler has an option to either overfiow the tank, for example, or to
reschedule disposal of the excessive quantity of the product. The cousequence of this
scheduling example of the conventional technology is diminished efficiency, where the
near-sightedness leads to unnecessary additional events, which could have been

climinated if foreseen in a timely manner.

(6824} One way of providing full look-abead may be to develop a full scheduling
model with all the details of the various events in the future and solve it using multi-
period optimization methods. The formulation of this problem s normally hampered by
the certainty with which events are known and the detail with which events and tasks in
the outer periods of the horizon could be wodeled. The solution of these formulations in
grder to obtain a schedule grows exponential in complexity as the size of the problem in
terms of the nurmber of decision variables or time peniods grow larger. 1t is also difficult
to interpret the results of these large schedule optimization problems when solved with
all the details. The flexible timne modehing approach may allow a user to fold the
essential differentiators across time into the model and lump or aggregate other variables
and parameters. In addition, the “look-ahead” approach may be coupled with strategies,
discussed in detail in Interpational Application No. PCT/US/2013/045301 (published as
WO/2013/18848 1), the entire contents of which are hereby incorporated by reference. In
addition, when possible, the “look-abead” technique may be applied to solve the
optimization problem to extract an optimal sequence of desirable goals that do not

compromise the imnventory or other operational feasibility,

[6025] Axn example of the “look-abead” approach of the flexible time modeling,
tllustrated in the bottom portion of Figure 2, systematically climinates the described
undesirable outcorne of the conventional methods. Specifically, the scheduling of the
flexible time modeling technique may be performed by defining several time segments in
advance, which may be deterrmined based on the upcorning operational events. In other
words, this “look-abead” approach may assess the future events based on their overall
impact throughout the multiple time scgments, and may coordinate several upcorning
portions of the schedule in order to maintain a balance of the following two goals. The

first goal may remain the scheduling feasibility that the conventional technology focuses
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on. The second goal of this example of the flexible time modeling may be to adjust the
feasible segments of the schedule, linked together in an integral scheduling analysis, in
order to bring them as close to the planned loe of reference as possible, without
violating their achicvability. In essence, the flexible time modeling may recognize that a
teasible schedule 18 an adjustable, mancuverable concept, where, among multiple
schedulable options, an optimal one may be determined, in order to optimize the
econormic performance sct out by the plan. The flexible time modeling may achieve this
balance by extending the horizon along which the scheduler may observe the planned
goals. This horizon may reach substantially beyond a single time segment defined by a
single operational event and include multiple events or even cover the entire planning
period. One cxample of the results of this improved approach is shown in the lower
portion of Figure 2, where the scheduling decisions may maiotain the feasibility of the
multi-period modeled schedule throughout the entire duration of the single-period

modeled plan.

[B6026] Further, this novel approach may allow for additional flexibility of
reconfiguring the sequential time segmeuts of the schedule, assermbled ahead of time.
For exaraple, if the planned inventory level of the cxample of Figure 2 remains the same,
but a dominant real-world event that is unaccounted for in the computational medel
occurs, the schedule may be significantly affected by such an event. In other words,
while this dominant event may become a prevailing factor for every other event within
its sphere of influence, this new event may not yet have been incorporated in the
mathematical model. An advauotage of the flexible time modeling technique 1o this
instance may be that the computational model may be reconfigured for the dominant
event to be included nto the analysis process. Moreover, the substantial impact of the
dominant new event may be absorbed in a gradual and systematic mauner, by

distributing its ctfect across several time segments of the schedule. Therctore, the “look-
ahead” aspect of the flexible time modeling may provide the scheduler with a flexibility

to better manage the omitied cvent. As g result, the operational activities and events may
be rearranged as many times as necessary before the schedule is actually implemented in

order for the readjusted schedule to remain aligned with the planning goals.
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{66271 Figure 3 illustrates one example of how the single-period modeled planning s
filtered into the multi-period modeled schedule. The process of translating the planning
targets into the execution of the schedule roay begin with an averaged run-plan model,
which may be a single-period model that may define desired economic performance. In
this exaraple, the cconomic objectives, ¢.g., revenue, cost, profitability, etc. may be first
translated into measurable targets. Being that the cconomic targets of the plan may be
dependent on a value of the manufactured product, in the context of the scheduling
process the instructions may be expressed in terms of quality and quantity of the product.
Therefore, the first step of the technique may be to start with the full multi-period
scheduling model, which is analogical to dividing the single-period model into time
scgments. The scheduling model, in addition to mmlti-periodicity, may have operational
models and constraints fnclading but vot limited to 1oventories (e.g., tankage) and other
time integrating operations. This model may be sequentially aggregated by using the
techniques described later to obtain the variables, parameters and constraints for an
aggregated model. In the example presented in Figure 3, a single-time period of one
month may be fragmented into a first time peried inclading days 1-14 and a second time
period covering days 15-30. Ouce the time segmentation begins, the planning model
analysis may be substituted with the scheduling multiple-time period model. Next, the
scheduler may incorporate data originating from the operational events into the presorted
time segruents. Finally, the schedule may be formed n, for example, uniform three-day
periods where the incorporated data may be disaggregated for the moplementation of the
schedule. In this example, the aggregation/disaggregation strategy shown 18 an average
strategy, where the data organized m three-day segments may be averaged for the daily
exccution of the schedule. The process of the translation of the planning model into the
scheduling model, as performed in the flexible time modcling approach, will be further

claborated in the example of Figuare 5.

[6028] In addition to the average strategy, other aggregation/disaggregation
strategics that can be applied in the flexible time modeling are a snapshot technique or a
miber of customized strategies, described in Figure 4. The top portion of Figure 4 is an
illustration of data aggregation and the bottom portion represents the disaggregation
process. In this example, the data pertaining to a product placed 1o a tank is divided 1n

five time segments in order for the data to be aggregated subsequently. The variables
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wvolved 1o the analysis may be, for example, volume V, quality (3 and flow F of the
product stored in and emptied out of the tank. Figure 4 shows an example of a non-
aniform aggregation becaunse the first three time segracuts are grouped nto a tivae block
of length Atl and the last two time periods are added together to form a time block of
length At2. One of the aggregation strategics available with the Hlexible time modcling is

the average strategy, shown in Equation (1)

Vi={Vi+V;+ Vi) At/ AY and Vp={V4+ V) AL/ AL
(1)

[6629] The volume of the product during the first three time segments may be

averaged across the time block of length Atl, and the volume of the product during the

last two time segments may be averaged across the time block of length A2

[6036] Turning to an example of the snapshot aggregation strategy, this technique
may cutail selecting any of the time segments within a curoulative time block (e, Atl or
At2} and determining the value of the variable of interest (e.g., flow F) within the
observed time segment, Subsequently, the determined value within the observed time
segment may be designated as the aggregated snapshot value uniformly valid for the

entire time block, as mdicated in Equation (2):

F'i=¥F and Fr=¥,
(2}
{6831} Moreover, a customized aggregation strategy may be used if it is considered

better applicable to a particular variable within the cumulative time block, for example,

quality Q:
@ ={Q+ 27, + 3}/ 4 and Q7 ={Qi+Qs3/2
3}

60321 The three strategies described above may also be used for data
disaggregation. However, doring the disaggregation, the data may be processed “from
one (o many,” L.e., the data of one time block may be distributed among its individual

scgments. Accordingly, the process of dats disaggregation roay be accompanied by a
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degree of approximation, since certain detailed information may be lost. As a vesult, i
the course of the disaggregation, assumptions may need to be made regarding how

operational events of the multiple time segments of a time block relate to cach other.

[6033] The disaggregation techniques used in the flexible tivae modeling may be the
average strategy, the snapshot strategy and various customized strategies. An example

of the average strategy of disaggregation is as follows:

Vi=Vy=V3=V¥V"% and V=V =V
4}
[0834]  As shown in Hquation {4}, the data representing the cumulative time block

may be adopted by the mmdividual segments of the block.

[3035] Similarly, the snapshot strategy may disaggregate data by assigning the value
uniformly valid throughout the tume block to a time period of nterest, as shown in

Equation (5):
Fy = and Fy=F", (5)

LIRS In addition, a customized disaggregation strategy may be applied if it is

considered best fitting for a particular variable within the cumulative fime block:

Q=270 /3; Qu=d*(Q: 3 Q3 =2%Q";1 /3 and Qu=0"2/Q:=0Q";
(5)

6837} Any of the described aggregation/disaggregation strategies may be applied in
the flexible time modeling technique in order to translate the planuning objectives into a

feasible schedule or to incorporate real world events into economic decisions of a plan,

6038 Figure § tllustrates an example of the process behind the transiation of the
planning medel into the scheduling model, as performed by the flexible time modeling
technique. At the outset, the scheduling model may be defined, in order to formulate a
scheduling layout for the data aggregation. For example, the scheduling model may be
uniform, where the time periods of the schedule may be the same. In addition, the

scheduling model may be non-uniform, where the nature of the operational activities
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may be better muanaged by scheduling time periods of different lengths. Further, the
scheduler may create an event-based schedule, where the occurrence and the duration of

the operational events deterrone the form of the schedule.

[6639] Upon defining the scheduling roodel, the vext step of the flexible time
modeling may be defining the most appropriate strategy for the data to be aggregated
wio a computational model that incorporates the economic targets of the planning
process. Subsequently, the aggregated model may be solved in a context of coarse time
periods, for example, two or three tirne periods, as described in Figure 3. Once the
aggregated mode] is solved, the next step may be to extract data from inventory and
profitability concerns and apply the “look-ahcad” approach in order to define a sct of
achievable targets. Sowe examples of the defined targets may be productions targets,
consumption targets, transfers of the products between tanks, etc. Once the solved
model provides a satisfactory set of answers for the correspounding set of targets, the data
disaggregation may be performed. Finally, events at the level of the day to day
operations may redefine a new set of targets, in which case optimization strategics may
be applied in order to achieve the new targets consistent with the intent of the planning

guidelines commmunicated by the strategies.

[(0406] The “look-ahead” approach of the flexible tirae modeling significantly
improves the coordination between the single-period model of the planning process and
the multiple-period model of the schedule implermentation. Analyzing several upcoming
segments of the schedule simultancously in view of the planned objectives allows the
scheduler to remain in line with the planned targets while maintaining the feasibility of
the schedule. Formulating the schedule for several time segraents at a tume provides
additional flexibility of rescheduling upon new operational developments while
gravitating towards the fulfilloent of the planning goals. The transparency of the
planning fnstractions introduced by the application of strategies further enables the

scheduler to validate rolling schedule adjustnents against the intent of the plan.

6041} The presently disclosed subject matter may also be embodied as a
computer-readable storage medium having executable instructions for performing the
various processes as described herein. The storage medium may be any type of

computer-readable medium (1.e., one capable of being read by a computer), including
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non-transitory storage medivrs such as magnetic or optical tape or disks {e.g., hard disk
or CD-ROM), solid state veolatile or non-volatile memory, including random access
merory (RAM), read-only memory (ROM), electronically programmable memory
(EPROM or EEPROM), or flash memory. The term “non-transitory computer-readable
storage medium’ encorapasses all coraputer-readable storage media, with the sole
exception being a transitory, propagating signal. The coding for implementing the
present invention rmay be written in any suitable programuing language or modeling
system software, such as AIMMS. Soivers that can be used to solve the equations used
n the present invention include CPLEX, XPress, KNITRO, CONOPT, GUROB], and

XA, as well as other solvers form MINLP including global solvers such as BARON.

13842} The presently disclosed subject matter raay also be embeodied as a computer
system that is programmed to perform the various processes described herein. The
computer systern may include various components for performing these processes,
including processors, memory, input devices, and/or displays. The computer system may

¢ any suitable computing device, including general purpose computers, embedded
computer systems, network devices, or mobile devices, such as handheld computers,
laptop computers, notebook computers, tablet computers, mobile phones, and the like.
The computer system may be a standalone computer or may operate in a networked

CRVIFONMEent,

[6043] Although the various systems, modules, functions, or components of the
present mvention may be described separately, in impleroentation, they do not
necessartly exist as separate elements. The various functions and capabilities disclosed
herein may be performed by separate units or be combined nto a single vmit. Further,
the division of work between the functional units can vary. Furthermore, the functional

distinctions that are described herein may be integrated in varions ways.

Additional Embodiments

[6044] Embodiment [. A method of operating a facility, coraprising: {a) using a
computer system that stores an application for determining a plan and a schedule for the
operation of a facility; (b) acquiring data from operational activitics of the facility; (¢}

aggregating the acquired data and defining a mathematical model for the aggregated data
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to be processed; (d) solving the mathematical model and obtaining results, wherein the
obtained results determine the plan for the operation of the facility; (e} extracting
operational data and combining the operational data with the resulis obtained by the
mathematical model in order to apply flexible time modeling, wherein the fiexible time
modeling includes: (1) defining a set of targets achicvable by the schedule, and (2}
analyzing a portion of the schedule covering a plurality of upcoming operational cvents
of the facility in order for the analyzed portion of the schedule as a whole to remain
consistent with the results obtained by the mathematical model and with the defined set
of achicvable targets; (f) disaggregating data that pertains to the analyzed portion of the
schedule and determining the schedule according to the disaggregated data; and {g)
applying the application to operate the facility according to the determined plan and the

determined schedule,

[G845] Embodiment 2. The method of Embodiment 1, wherein the mathematical

model 18 solved as 2 multi-period model that processes data of a plurality of time periods.

6846} Embodiment 3. The method according to anyone of the preceding
Embodiments, wherein the portion of the schedule includes an entire operational time

period analyzed by the plan.

6847} Embodiment 4. The method according to anyone of the preceding
Erabodirnents, wherein the flexible tiroe modeling is reapphied upon occurrence of a
subsequent operational event that is not accounted for in the mathematical model, and

that occurs prior to implementation of the schedule.

[6048] Embodiment 5. The method according to anyone of the preceding

Embodiments, wherein the mathematical model includes a strategy-based optirmzation.

[3049] Embodiment 6. The method according to anyoue of the preceding
Embediments, wherein data aggregation is performed by an average aggregation

technique, a snapshot aggregation techuique or a customized aggregation techuique.

[O50] Embodiment 7. The method according to anyone of the preceding

Embodiments, wherein data disaggregation is performed by an average disaggregation
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technique, a snapshot disaggregation technique or a customized disaggregation

technique.

G051} Embodiment 8. A computer system for determining the operation of a
facility, the computer systern being prograromed to perform steps that comprise: (a)
using a computer system that stores an application for determining a plan and a schedule
for the operation of a facility; (b) acquiring data from operational activities of the
facility; {c) aggregating the acquired data and defining a mathematical model for the
aggregated data to be processed; (d) solving the mathematical model and obtaining
results, wherein the obtained results determine the plan for the operation of the facility;
(¢} extracting operational data and combining the operational data with the results
obtained by the mathematical model 1n order to apply flexible time modehing, wherein
the flexible time modeling includes: (1) defining a set of targets achievable by the
schedule, and (2) analyzing a portion of the schedule covering a plurality of upcoring
operational events of the facility in order for the analyzed portion of the schedule as a
whole to remain consistent with the results obtained by the mathematical model and with
the defined set of achievable targets; and (f) disaggregating data that pertains to the
analyzed portion of the schedule and deterrmining the schedule according to the

disaggregated data.

HEA Embodiment 9. The computer system of Embodiment 8, wherein the
mathernatical model 1s solved as a multi-period model that processes data of a plurality

of tivae periods.

{38531 Embodiment 18, The computer system of Embodiment 8 or 9, wherein the

portion of the schedule includes an entire operational time period analyzed by the plan.

[3054] Embodiment 11. The computer system according to any one of Embodiments
8-10, wherein the flexible time raodeling 1s reapplied upon occurrence of a subsequent
operational event that is not accounted for in the mathematical model, and that occurs

prior to implementation of the schedule.

[B055] Embodiment 12, The computer system according to any one of Embodiments

8-11, wherein the mathematical model includes a strategy-based optimization.
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[3056] Embodiment 13, The computer system according to any one of Embodiments
8-12, wherein data aggregation is performed by an average aggregation technigue, a

snapshot aggregation technique or a customized aggregation technigue.

[6057] Embodiment 14, The computer sysiern according to any one of Embodiments
8-13, wherein data disaggregation is performed by an average disaggregation technique,

a snapshot disaggregation technigue or a customized disaggregation technigue.

[B058] Embodiment [5. A non-transitory machine-readable storage medium
comprising instructions which, when executed by a processor, cause the processor to: {a)
use a computer systern that stores an application for determining a plan and a schedule
for the operation of a facility; (b} acquire data from operational activities of the facility,
(¢} aggregate the acquired data and defining a mathematical model for the aggregated
data to be processed; (d) solve the mathematical model and obtaining resulis, wherein the
gbtained results determine the plan for the operation of the facility; (e} extract
operational data and combining the operational data with the resulis obtained by the
mathematical model in order to apply flexible time modeling, wherein the flexible time
modeling includes: (1) defining a set of targets achievable by the schedule, and (2)
analyzing a portion of the schedule covering a plurality of upcoming operational events
of the facility in order for the analyzed portion of the schedule as a whole to remain
consistent with the results obtained by the mathematical model and with the defined set
ot achicvable targets; and (f) disaggregate data that pertains to the analyzed portion of

the schedule and determine the schedule according to the disaggregated data.

[3059] Embodiment 16. The non-transitory machine-readable storage mediur of
Embediment 15, wherein the mathematical model is solved as a multi-period model that

processes data of a plurality of time peniods.

[(3060] Erbodiment 17. The non-transitory machine-readable storage medium of
Embodiments 15 or 16, wherein the portion of the schedule includes an entire

operational time pertod analyzed by the plan.

[6061] Embodiment 18, The non-transitory machine-readable storage mediurn

according to any one of Embodiments 15-17, wherein the flexible time modeling is
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reapplied upon occurrence of a subscquent operational event that is not accounted for in

the mathematical model, and that occurs prior to implementation of the schedule.

[3062] Embodiment 19. The non-transitory machine-readable storage medium
according to any one of Embodiments 15-18, wherein the mathematical model nclades a

strategy-based optimization.

[6063] Embodiment 20. The non-transitory machine-readable storage medium
according to any onc of Embodiments 15-19, wherein data aggregation/disaggregation is
performed by an average aggregation technique, a snapshot aggregation technique or a

customized aggregation technique.

(3064} The foregoing description and examples have been set forth merely to
iHustrate the wmvention and are not mtended to be hmiting. Each of the disclosed aspects
and embodiments of the present invention may be considered individually or in
combination with other aspects, emboduments, and variations of the mvention.
Modifications of the disclosed embodiments incorporating the spirit and substance of the
mvention may occur to persons skilled in the art and such modifications are within the

scope of the present invention,
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Claims

1. A method of operating a facility, comprising:

(a) using a computer system that stores an application for determining a plan for
the operation of the facility and a schedule for the operation of the facility in accordance
with the plan;

(b) acquiring data from operational activities of the facility;

(c) aggregating the acquired data and defining a mathematical model for the
aggregated data to be processed;

(d) solving the mathematical model and obtaining results, wherein the obtained
results determine the plan for the operation of the facility;

(e) extracting operational data and combining the operational data with the
obtained results from the mathematical model in order to apply flexible time modeling to
develop feasible schedule consistent with the plan, wherein the flexible time modeling
includes:

(1) defining a set of targets achievable by the schedule,

(2) defining a plurality of time segments in the schedule based upon a
plurality of upcoming operational events of the facility,

(3) analyzing a portion of the schedule containing the plurality of time
segments covering the plurality of upcoming operational events of the facility in
order for the analyzed portion of the schedule as a whole to remain consistent with
the plan obtained from the results obtained by the mathematical model and with the
defined set of achievable targets, wherein analyzing a portion of the schedule
includes eliminating infeasible scheduling segments associated with the plurality
of time segments, and determining optimal feasible scheduling segments;

(F) disaggregating data that pertains to the analyzed portion of the schedule and
determining an updated schedule according to the disaggregated data;

(g) reapplying the flexible time modeling in step (e) and reperforming the
disaggregating of data that pertains to the analyzed portion of the schedule and
determining the schedule in step (f) upon occurrence of a subsequent operational event
that is not accounted for in the mathematical model, and that occurs prior to
implementation of the determined updated schedule;
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(h) applying the application to operate the facility according to the determined plan

and the updated determined schedule.

2. The method of claim 1, wherein the mathematical model is solved as a multi-

period model that processes data of a plurality of time periods.

3. The method of claim 1, wherein the portion of the schedule includes an entire
operational time period analyzed by the plan.

4. The method of claim 1, wherein the mathematical model includes a strategy-based
optimization.
5. The method of claim 1, wherein data aggregation is performed by an average

aggregation technique, a snhapshot aggregation technique or a customized aggregation

technique.

6. The method of claim 1, wherein data disaggregation is performed by an average
disaggregation technique, a snapshot disaggregation technique or a customized

disaggregation technique.

7. A computer system for determining the operation of a facility, the computer system
being programmed to perform steps that comprise:

(a) using a computer system that stores an application for determining a plan for
the operation of the facility and a schedule for the operation of the facility in accordance
with the plan;

(b) acquiring data from operational activities of the facility;

(c) aggregating the acquired data and defining a mathematical model for the
aggregated data to be processed;

(d) solving the mathematical model and obtaining results, wherein the obtained
results determine the plan for the operation of the facility;

(e) extracting operational data and combining the operational data with the
obtained results from the mathematical model in order to apply flexible time modeling to
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develop feasible schedule consistent with the plan, wherein the flexible time modeling
includes:

(1) defining a set of targets achievable by the schedule,

(2) defining a plurality of time segments in the schedule based upon a
plurality of upcoming operational events of the facility,

(3) analyzing a portion of the schedule containing the plurality of time
segments covering the plurality of upcoming operational events of the facility in
order for the analyzed portion of the schedule as a whole to remain consistent with
the plan obtained from the results obtained by the mathematical model and with the
defined set of achievable targets, wherein analyzing a portion of the schedule
includes eliminating infeasible scheduling segments associated with the plurality
of time segments, and determining optimal feasible scheduling segments;

(F) disaggregating data that pertains to the analyzed portion of the schedule and
determining an updated schedule according to the disaggregated data; and

(9) reapplying the flexible time modeling in step (e) and reperforming the
disaggregating of data that pertains to the analyzed portion of the schedule and
determining the schedule in step (f) upon occurrence of a subsequent operational event
that is not accounted for in the mathematical model, and that occurs prior to

implementation of the determined updated schedule.

8. The computer system of claim 7, wherein the mathematical model is solved as a

multi-period model that processes data of a plurality of time periods.

9. The computer system of claim 7, wherein the portion of the schedule includes an

entire operational time period analyzed by the plan.

10.  The computer system of claim 7, wherein the mathematical model includes a

strategy-based optimization.

11.  The computer system of claim 7, wherein data aggregation is performed by an
average aggregation technique, a snapshot aggregation technique or a customized

aggregation technique.
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12.  The computer system of claim 7, wherein data disaggregation is performed by an
average disaggregation technique, a snapshot disaggregation technique or a customized

disaggregation technique.

13. A non-transitory machine-readable storage medium comprising instructions which,
when executed by a processor, cause the processor to:

(a) use a computer system that stores an application for determining a plan for the
operation of the facility and a schedule for the operation of the facility in accordance with
the plan;

(b) acquire data from operational activities of the facility;

(c) aggregate the acquired data and defining a mathematical model for the
aggregated data to be processed;

(d) solve the mathematical model and obtaining results, wherein the obtained
results determine the plan for the operation of the facility;

(e) extract operational data and combining the operational data with the obtained
results from the mathematical model in order to apply flexible time modeling to develop
feasible schedule consistent with the plan, wherein the flexible time modeling includes:

(1) defining a set of targets achievable by the schedule,

(2) defining a plurality of time segments in the schedule based upon a
plurality of upcoming operational events of the facility,

(3) analyzing a portion of the schedule containing the plurality of time
segments covering the plurality of upcoming operational events of the facility in
order for the analyzed portion of the schedule as a whole to remain consistent with
the plan obtained from the results obtained by the mathematical model and with the
defined set of achievable targets, wherein analyzing a portion of the schedule
includes eliminating infeasible scheduling segments associated with the plurality
of time segments, and determining optimal feasible scheduling segments;

(f) disaggregating data that pertains to the analyzed portion of the schedule and
determining an updated schedule according to the disaggregated data; and

(g) reapplying the flexible time modeling in step (e) and reperforming the
disaggregating of data that pertains to the analyzed portion of the schedule and

determining the schedule in step (f) upon occurrence of a subsequent operational event
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that is not accounted for in the mathematical model, and that occurs prior to

implementation of the determined updated schedule.

14.  The non-transitory machine-readable storage medium of claim 13, wherein the
mathematical model is solved as a multi-period model that processes data of a plurality of

time periods.

15.  The non-transitory machine-readable storage medium of claim 13, wherein the

portion of the schedule includes an entire operational time period analyzed by the plan.

16.  The non-transitory machine-readable storage medium of claim 13, wherein the

mathematical model includes a strategy-based optimization.

17.  The non-transitory machine-readable storage medium of claim 13, wherein data
aggregation/disaggregation is performed by an average aggregation technique, a snapshot

aggregation technique or a customized aggregation technique.



