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OPERATIONAL PROGRAMMING OF A FACILITY

Technical Field

LHE ! The presently disclosed subject matter relates to decision support tools for the
operation of g facility, such as operational programuming of the facility,  In particular, the
presently disclosed subject matter relates to integration of planning and scheduling
operations in and around a facility or multiple facilities into a single progranuming
environment or operational prograr containing both traditional planning and scheduling
functionality, which can be structured and updated to perforn both tasks scamlessly and

simultancously.
Background

[6082] Conventional decision support tools for operational probleras in the oil and
gas industry separate planning and scheduling of activities within a faciity into two
distinct processes that may be related to cach other through one or roore databases that
share common information or related by shared common information. Namely, a
traditional way to interface planning with scheduling 1s by updating a scheduling
database with planning results. The schedule is created based upon planning results.
There s little capability to casily identify opportunities associated with changes in the
plan or the schedule when changes are wade to one of the plan or the schedule. o
instances where scheduling difficulties arise either from inadequate planning, or from
unforeseeable circumstances, the shared database is updated with scheduling confhicts
and planning adjustments are made. However, due to the fact that conventional data
aggregation 18 roanual and vnstructured, data disaggregation presents a challenge.
Therefore, the lack of transparency, which accompanies entering and processing of the

data, results in a virtual trial-and-crror environment for decision making,

[6083] Morcover, when planning and scheduling processes are conducted scparately,
there is typically a moment in time when one of them is completed for its results and
effects to be communicated to the other one. In the conventional art, such temporal
delincation is established, for example, by setting a cyclical time period, ¢.g., one month,

when planning is performed and the schedule is npdated. However, considering that the
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operational activitics that concern a particular site or a group of sites are ongoing,
dividing the planning and scheduling tasks into arbitrary and rigid segments of time
causes numerous downsides related to translating the fragmented decision making
process into a continuons real-world environment. It is also possible that the planning

and scheduling periods may not be ahigned.

[6094] For 1nstance, when currently available planuing tools assemble data from
mimerous sources {€.g., prices, constraints, unit operating modes), such data is time
dependent, because it needs to correspond to the duration of the time pertod allocated for
planning. In case that a duration of an external event or an internal operational event that
affects the schedule exceeds the moment designated for planning decisions, such event is
witercepted by the arbitrarily set planving layout, and therefore needs to be represented
discretely in the scheduling tools. Accordingly, the resulting data must be averaged to
represent the time period covered by the planning tools. The above described features of
the conventional art render the overall planning and scheduling process overly rigid,

labor-intensive and less effective than desired.

[B095] Farthermore, conventional decision support tools for planning and scheduling
problems in the oil and gas industry have ranged from manual techniques to simulation
and/or optimization models as the solution techuology. The manual approach, for
example, is limited by inadequate processing and analytical capabilities, among other
deficiencies. On the other hand, the optimization-based models do not identify the
strategy that yvields the optimal solution. The lack of understanding tivuts the effective
use of these numerically-based planning and scheduling tools. Similarly, the simulation-
based approach is also not strategy-based and frequently relies upon trial and evvor for
purposcs of identifying suitable planning and scheduling decisions.  The decision
makers may run hundreds of cases in order to develop a program that o the end may not
meet all of the desired business needs. The simulation approach is rule-based and like the

optirnization approach docs not produce resulis that are intuitively understood.

[6006] In hight of the discussed inadequacies of the existing technology, there is a
need for a tool that is capable of solving problers that arise from the segregation of
planning and scheduling within a factlity and that better addresses the continuous nature

of the operational activities at a single stte or at multiple sites. In addition, it 1s ighly



WO 2015/119730 PCT/US2015/010134

desivable for such tool to indicate intent and strategy behind formulation and adjustment
of the operational events, thereby rendering the overall process more transparent and
easier to manage. There 18 a need for an operational programming tool that 1s capable of
optimizing both planning and scheduling operations that can be modified and adjusted on
a continuous basis to reflect changes mn both the planned operations and scheduled

operations.
Summary

{6807} The presently disclosed subject matter relates to an operational programming
tool that provides a user with the ability to perform operational programuming of the
factlity so that the analysis of specific operational events is flexible and “on-demand.”
This is achieved by allowing the user to set scope and timeframe of the analysis
according to busivess needs. As a result, the organization can make better-informed
judgments whether to add operational events and how to adjust the ones alrcady
formulated in the program. The decision support tool also allows for the application of
strategies to communicate intent behind the programming instructions and to improve the

quality of business decisions.

[G808] The presently disclosed subject matter provides a method of programming
and operating a facility. The method includes using a computer system that stores an
operational programroing application, wherein the operational programring application
comprises an operational program for determining the operation of at least one facility.
The method further includes acquiring data from operational events of the at least one
facihity and entering the data into the operational program, wherein feasibility of the
operational program is maintained. The method also inchides sctting a scope of the data
to be analyzed, whercin the scope of the avalysis is defined based on at least one
operational event of interest and assembling the data within the scope of the analysisin a
structured and automated manner. The method still further includes processing the
asserabled data using at least one of a mathematical model defined from the assembled
data and a strategy-based procedure and obtaining results for the defined scope of the
analysis and disassembling the obtained resuits in a structured and antomated manner

according to the obtained results. The method includes adjusting the operational
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prograr by icorporating the obtained result juto the program, and programming and

operating the at least one facility according to the adjusted operational program.

[6609] The scope of the analysis may be based on the at least one operational cvent
that affects at least a portion of a {acility, a single facility, multiple facilities or one or
more portions of multiple facilities. The scope of the analysis is set according to a

duration of the at least one operational event of interest,

(6016} The operational cvents of the at least one facility entered into the operational
program are one of two types of events: defined operational events and undefined
operational cvents. The ratio of a number of the defined operational events to 4 nurnber
of the undefined operational events entered into the operational program changes with

passage of time.

6011} The presently disclosed subject matter is also directed to a computer system
for deterroining the operation of a facility. The computer sysiern being programmed to
perform steps that comprise: (a} storing an operational programming application,
wherein the operational prograroraing application comprises an operational program for
ictermining the operation of at least one facility; (b} acquiring data from operational
cvents of the at least one facility and entering the data into the operational program,
wherein feasibility of the operational program is maintained, (¢} setting a scope of the
data to be analyzed, wherein the scope of the analysis 1s defined based on at least one
operational event of interest; {d) assembling the data within the scope of the analysisin a
structured and automated manner; (¢ processing the assembled data using at least one of
a mathematical model defined from the asserobled data and a strategy-based procedure
and obtaining results for the defined scope of the analysis; (f) disassembling the obtained
results in a structured and automated manner according to the obtained results; and (g}

adjusting the operational program by incorporating the obtained result into the program.

6612} The presently disclosed subject matter is also directed to non-transitory
machine-readable storage mediurn comprising nstructions which, when exccuted by a
processor, cause the processor to: (a) store an operational programming application,
wherein the operational prograraraing application compriscs an operational program for

determining the operation of at least one facility; (b) acquire data from operational events



WO 2015/119730 PCT/US2015/010134

of the at least one facility and entering the data into the operational program, wherein
feasibility of the operational program is maintained; {c} sct scope of the data to be
analyzed, wherein the scope of the analysis is defined based ou at least one operational
cvent of interest; (d) assemble the data within the scope of the analysis in a structured
and autornated manner; {¢) process the assembled data using at least onc of a
mathematical model defined from the assembled data and a strategy-based procedure and
obtain results for the defined scope of the analysis; (f) disassemble the obtained results
in a structured and automated manner according to the obtained results; and (g) adjust

the operational program by incorporating the obtained result into the program.
Brief Description of the Brawings

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

wmvention can be applied.

[6614] FIG. 2 shows an exarople of segregated planuing and scheduling performed in

the conventional technology.

[B015] FIG. 3 shows an cxample of manual and unstructured data aggregation and

disaggregation performed in the conventional technology.

(016} FIG. 4 shows an cxample of operational programuming of the present

invention.

[6617] FIG. 5 shows an example of automated and structured data aggregation and

recycling of the present invention.
[6018] FIG. 6 shows an example of a single site.

[6019] FIG. 7 shows high level distinctions between planning and scheduling tasks

of the conventional techuology and the preseut mvention.
Detailed Description

{6820} The presently disclosed subject matter provides a tool to develop the
operational program for one or more facility(s}. The tool is preferably a decision support

tool, but is not intended to be so limuted; rather, if is conteraplated that other tools or
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means that enable operational prograraming are within the scope of the presently
disclosed subject matter. The presently disclosed subject matter will be described in
connection with one or more petrocherical facilities for purpose of illustration. It is
intended that the presently disclosed subject matter may be used at any site where
prograraming of the activities is or is desired to be a normal part of operating the site.
The operation of a petrochemical facility may invelve various decisions, including the
process operations, blending operations, transportation of materials (¢.g. feeds,
intermediates, or products) to and/or from the facility (e.g. via maritime shipping, rail,
truck, pipcline, ¢te.), cargo assignments, vessel assignments, evaluation and selection of
raw or feed matertals, and the timing of these activities. Examples of petrochemical
facilities include, but are not limited to, refinerics, storage tank farms, chemical plants,
lube ol blending plauots, pipelines, distribution facilities, LNG facilities, basestock
production facilities, and crude, feedstock and product biending facilities. The presently
disclosed subject matter may also be used in connection with facilities that produce and
transport crude oil and/or refined intermediate and/or finished products including but not
limited to chemicals, base stocks, and fractions. 1t 1s also contemplated that the presently
disclosed subject matter may be used in other operations and facilitics that are not
associated with petroleurn and petrochemical processing, but where operational

programming issues are present.

{6821 Figure 1 shows an example of a refinery or petrochemical facility that can be
operated utilizing the presently disclosed subject matter. The refinery includes storage
tanks 20 and processing equipment 30 {e.g. crude distilation units, steam and catalyiic
cracking units, hydroprocessing units, blenders, reactors, separation units, mixers,
chemical processing units, utilities (including 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 matcrials between the ships 10 and
storage tanks 20. There may also be transfers 22 of material between tanks 20. There
may also be transfer 24 of materials between storage tanks 20 and processing equipracnt
30. There may also be transfer 32 of materials between processing equipment 30,
Processing cquipment 30 may transform a feed material or raw material into g different

material. The operation of the refinery can include numerous other activities, such as
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selection of raw materials, ete. The tool in accordance with the preseutly disclosed

subject matter may be utilized to program the operation of the facility.

[6022] Figure 2 illustrates a conventional planning and scheduling table or
spreadsheet that encompasses activitios within a set of operational sites. The
conventional table or spreadsheet is formed and updated by using either manual or
computer based methodologies. In the example of Figure 2, the sites are operated
simultancously, and the events within individual sites may or may not affect cach other.
In accordance with the prescutly disclosed subject matter, an event is considered to
include one or more activities having a start time, duration and/or an end time.
Moreover, the final scheduling, referred to in the prior art as a “run plan,” 15 executed
predominantly for operational events that take place daring month M. The timespan of
the planning and scheduling table or spreadsheet within the three sites extends across
four consecutive months, denoted as wounths M-3 (i.e., three roonths prior {0 reonth M),

M-2 {i.c., two months prior to month M), M-1 {(i.c., one month prior to month M) and M.

[6623] In Figure 2, the operational events {e.g. distillation, mixing, separation,
chemuical reaction, ete.) are represented by line segrmeunts within each site, and are
divided into two categories: events yet to be named (“TBN events”), demarked by thin
dashed lines, and events that have already been formulated, but are also subject to
scheduling adjustment (“scheduled events™), shown by solid thin lines. In accordance
with the presently disclosed subject matter, an event can include one or more events that
can collectively forra a single event. The single event can be broken down into a series
of cvents having discrete durations {¢.g., three separate weekly ovents are aggregated
mto a single event). The scheduled events originate from a specific business need that
defines them, cven though their duration and their placement in the schedule may
subscquently change. On the other hand, the TBN cvents arc used as “place holders”
until more information is available. As shown in Figure 2, in the earlier stages of the
planning process the TBN events are prevalent over the scheduled events. This is
because several months before the final scheduling decistons there 1s a high degree of
uncertainty and flexibility regarding various alternative actions and whether and how the
external factors would appear. Also, at that time most of the decision variables are not

vet narrowed down and converted into actual decisions. In comparison, during month
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M, most operational events have already been scheduled, because this time period is a
part of the “run plan,” where the “place holders” have either been removed or fixed into

efined operational events.

(6624} Traditionally, different approaches are used for planning and scheduling
operations. Scheduling is generally performed in response to a particular real time
business need or livottation or from anticipated business needs or himitations. Planning,
on the other hand, has traditionally been performed separately and periodically involving
aggregated events. This lack of integration and coordination between the two
interdependent processes is shown in Figure 2, where scope and frequency of planning
related adjustmnents is preset within the schedule. Dashed rectangles in Figure 2 mdicate
planning cycles of a conventional planning and scheduling table or spreadsheet. The
scope of the operational cvents to be analyzed is predetermined, in order for the

subsequent decisions to be made.

[6025] Typically, one or more coruplete sites are included in the planuing assessment
at the same time, with all of the units within each site incorporated in the analysis. Une
disadvantage of this rigid and curobersome approach is that vot every operational
decision or an external factor affects every unit within every individual site.
Accordingly, the analysis often includes data that pertains to a portion of the operational
activities irrelevant for the required planning decision, thereby rendering event
optinuzation labor-intensive and complex. Furthermore, as shown in Figure 2, the
temporal scope of cach analysis is preset to have a constant duration {¢.g., one month}, in
contrast with the duration of the operational events, which are formulated based on the
business need and the real-world factors. This discrepancy causes additional drawbacks
with the traditional planning and scheduling techniques. Namely, certain operational
cvents are observed as g group just because they fit in an arbitrary time cycle, even when
they are otherwise operationally unrelated. Un the other hand, related events end up
being observed in separate analyses, simply because they belong m two different

planning periods.

6826} Moreover, an individual event may be intercepted by an optimizing
calculation pertormed during the course of the event, when the data must be averaged to

represent the period covered by the optimization tools. This is yet another limitation of
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conventional planning and scheduling solutions that causes the mathematical models
behind the planning decisions to be unnecessarily cumbersome and counterintuitive,

which may result in lost opportunities.

166271 In addition, as presented in Figure 3, the conventional techuology acquires
data from a number of sources and assembles it accordingly. This aggregation of data 1s,
however, normally done manually and in av unstructured manner. Also, for the planning
tools to use the aggregated data to construct a plan of operations, the data needs to be
averaged in order to be representative of the time periods preset by the planuing tools.
Subsequently, at the stage when the scheduling needs to be implemented, the data needs
to be represented discretely, in order for it fo be arranged among various events and
activitics within a site. This poses a substantial computational difficulty, because the
manual and unstructured aggregation hinders the disaggregation process, which, in turn,
becoraes manual and unstructured, itself. This causes the overall process of data
manipulation and management to become labor intensive and to lack transparency.
Conseqguently, a risk increases that the resulting disaggregated data produced for the
scheduling to be executed cannet, in fact, be fit into a feasible schedule. As aresult, the
data needs to be recycled back mto the process for the end result to be adjusted, i.¢., for
the subsequently corrected data to be schedulable. A further inefficient aspect of the
necessary scheduling correction is that the prior unsuccessful scheduling attempt{s) are
fairly uninformative for the rescheduling process. Namely, the described opagueness,
present in the conventional process of data aggregation and disaggregation, generally
allows the user to merely observe the end result, with no systematic mechanism to
indicate why the prior scheduling attempt(s) failed. An example of the current mvention,
shown in Figure 4, addresses the explained flaws of the conventional technology by
introducing a new approach to developing an operation plan. With the new approach,
the user may perform separate planning and scheduling, or combine the two processes
into a single mode to develop an operational plan. Thus, the new techniques discussed
below are compatible with the traditional planning and scheduling methodologies, and at
the same time, they allow for the existing planning and scheduling tasks to be completed

more efficiently and effortlessly.
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[6628] Figure 4 illustrates an example of an operational programmung application at
an individual site or at multiple sites. This novel approach may climinate segregation
between the planning and scheduling processes, and may combine thero in a single,

unified operational programming application.

6629} For the purposes of comparison, Figure 4 presents an example of the
operational programming technique i a similar layout to the previously discussed
planning and scheduling of the conventional art. In one example, an operational program
is presented for three sites, and the activitics within the sites may or may not affect each
other. The operational events are represented by line segments within each site, and are
divided into two categories: the TBN eveuts, dernarked by thin dashed hnes, and the
scheduled events, shown by solid thin hnes. The scheduled events originate from a
specific business need that defines them, and the TBN events are merely used as “place
holders” until more information is avaiable. As shown in Figure 4, 1o the carlier stages
of the planning process the TBN events may be prevalent over the scheduled events.

This i3 because the uncertainty of whether and how the unknown factors will appear may
decrease with the passage of time. Also, with time, an increased number of decision
variables may become fixed, thus further adding certainty to the pro

grar,

[0306] Figure S further illustrates an example of a new approach to data
management, developed to facilitate the analysis of the assembled data. Initially, time-
dependent data {¢.g., prices, constraints, unit operation modes, ¢tc.) may be obtained
frora a variety of sources and added to the operational program “as-1s.” Subsequently,
the coliected data may be divided into discrete clements, which may be organized to
develop an achievable schedule of events, in the context of external constraints and the
activitics within cach event. Once the feasibility of the schedule has been established,
the planning objectives may be addressed. At that stage, the scheduling data may be
aggregated to correspond to time periods covered by the planning tools, by using an
autornated structured process. This methodology of linking the scheduling with the
planning into an integrated operational program is beuneficial, because it may enhance the
communication between the two sets of tasks, Specifically, the automation and the

structuring may obviate the effects that the planuing strategies have on the scheduling, as
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well as the influence that the real- world factors of the scheduling domaiu have on the

planning decisions.

(3031} In other words, due to the fact that the data aggregation of the new approach
of Figare S may be performed in a structured and automated manner, the disaggregation
and the recycling of the data may also be structured and automated, as a consequence. In
comparison with the conventional rmacthodology, shown 1o Figure 3, these novel
techniques may introduce a highly desirable transparency into the traditionally obscure
methods, This improved understanding behind the decision making process may cause
the necessary scheduling and planning adjustments to be significantly more intelligible

than is presently the case.

[6632] Turning to the data analysis aspect of the present disclosure, in one example,
the operational programming application is created as a flexible, “on-demand” decision
assisting tool used to formulate operational events or to adjust or remove the existing
ones. That is to say, the operational prograrmvoing may allow for the analysis of site
events to be tailored according to specific questions and concerns that arise in the context
of tivae and that pertain o a particular site or even to a portion or portions of facility

{e.g., an individual unit within a facility).

[6833] In the program of Figure 4, the scope and the timeframe of the analysis may
be set over a sclected operational event or 4 group of events. Namely, a need for a
decision may originate, for example, from an external factor, at which point in time a
user may decide to initiate the analysis based on the expected occurrence of the external
event. Moreover, the user may set the length of the timeframe of the analysis {ts1, ts2,
etc.) by making an operational judgment of how long the cvents included in the analysis
would be affected. This feature is advantageous in comparison with the conventional
technology, because the events of interest can be fully but accurately incorporated in the
decision making process, with virtually no need for the data to be averaged to represent

period covered by the programming tools.

[6834] In addition, the operational programming of Figure 4 may provide additional
flexibility with respeet to the scope of the analysis. Specifically, the decision raaking

process may further be adjusted to business needs, because the user may either select to
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observe all of the sites functioniog as a group, or only some of them. In other words, i a
prior site activity or an external factor affects only two out of three sites, results
regarding the third site may be onutted, thus rendering the analysis more focused. Asa

result, the mathematical modeling may be simplified and the processing 1s expedited.

[6635] Furthermore, as shown in Figure 6, the event formulation and adjustment may
be performed in a partial site or in a shorter time window. This feature may provide
more flextble analysis, which can be site or unit specific to suit the desired scope of the
analysis. The scope of analysis can be quickly adjusted to it a desired decision at hand.
In particular, if a site countains several uniis (e.g., coker, reformer, APS unit, ctc.} that
cxecute separate processes 1 time, the analysis may cither encompass the entire stte or it
may cover a unit of interest {e.g., VPS unit) together with other units atfected (¢.g., coker
and FCC unit). Moreover, at the moment of time when an observed operating cvent
within the VPS unit ceases to affect the coker, for example, the coker can be casily
cxchuded from the analysis. The operational programming application may adjust the

model to reflect the exclusions.

[6836] Figure 7 presents an exampie of a high-level comparison between the

segregated planning and scheduling of the conventional technology and the presently

~

lisclosed integration of the two into an fmproved operational program. As previously
discussed, scheduling and planning are traditionally interfaced with each other through
the scheduling database, and as a result the cases and the models used in the decision
making process are separate. Io contrast, the new operational programming application
may remove the interface and seamlessly combine the schedule with the planning
process by sharing simulation and optimization cogines, process anit models, constraints,
topology elements and data interfaces between the two. This integration may

substantially facilitate the efficiency of the overall process.

[6037] In addition, the smooth transition between planning and scheduling activities
may eliminate the presently existing barriers between them, thus allowing the
environment of the work processes to become a true continuurn. The automated and
structared aggregation may enable the disaggregation to be automated and scamiess,

thereby facilitating quick re-optimization of cither planning or scheduling as needed.
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Such superior effectivencss may be yet avother advantage of the operational programing

gver the traditional lack of transparency.

HHIER] Regarding the planning tasks, the conventional time-averaged, math
optivoized analysis, applicable only to the facility as a whole, may be replaced by the
novel operational programming technique. Instead, the planning activities of the
operational programming application may be coustracted out of time-sequenced
elements, where the planning is simulated. Furthermore, the planning related tasks
conducted within the operational prograro may cncompass a partial site only, or apply to
an entire site or multiple sites. Morcover, conventionally, the planning activities have
cen performed prior to the implernentation of the pertinent schedule, whercas the
operational programming way establish a feasible schedule fivst, and thew proceed with
the analysis and planning decisions. These novel features may expedite the
programming of the operations and contribute to the better understanding and awareness

chind the decision making.

[6639] Furthermore, while the traditional scheduling has typically been
time-sequenced and simulated, the new scheduling related tasks executed within the
operational program may utilize time-sensitive, math optimized models. As a result, the
scheduling activitics of the operational prograraming technigue roay be conducted faster

and more economically.

604G There may be several techniques of managing the operational program, some
of which are marual approach, sirmilation models and optimization models. In addition
to fproving application of the programmiog techuiques, for exaraple, by the evaluation
of different strategies discussed in detail in International Application
PCT/US/2013/045301 (published as WO/2013/188481), the entire contents of which are
hereby ncorporated by reference, the capability of the operational program to handle
analysis modulated to a granular level may allow for the most suitable approach to be

applied.

[6041] Namely , if a user evaluates that a process within a single unit can be adjusted
manually, for example, the corresponding operational event{s) may be modified and the

program raay be updated accordingly. On the other hand, if the user needs to determine
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effects of changes to one or more certain parameters on several units within a site, which
in turn affect cach other, the user may isolate the affected units only. The flexibility to
perform the focused analysis may provide the user with an option to, for exanple, apply
a simulation model, grounded in explicit rules, instead of developing a complex
optinuzing model. Finally, even when the progranuming decisions are produced by an
optimization model, the “on demand” selection of the scope of the parameters and

decision variables may simplity the mathematical model and facilitate the computations.

[3042] Morcover, the operational programumning application may incorporate a
strategy-based optimization that provides decision-makers with the ability to compare
the performance of different strategics for the operation of the facility, also discussed in
International Apphication PCT/US/2013/045301 (published as W(O/2013/188481), the
entire contents of which are hereby incorporated by reference. This may enable the

organization to make better-informed judgments about which approach to use.

[(043] The strategics can be adapted or refined to create new strategies taking into
account additional known factors or business drivers. In addition, the strategies rmay be
modified or adapted to minimize the impact of uncertain parameters on the operational
programming decisions such that these decisions caun be made with greater certainty.
The strategics may be modified or adapted to improve performance with respect to a
desired performance rmactric. The strategies may be location specific {e.g., country
specitic, geographic region specific or facility specific). The strategy is focused to select
or accoraplish the desired business needs, which may vary from day to day. For
example, the desired product slate produced by the facility may vary based upon, inter
alia, market conditions, time of year, geopolitical conditions, and other external factors
such as weather., The optimal programming for and the operation of the facility may
vary based upon cach of these factors. The use of the strategy-based module in
accordance with the presently disclosed subject matter permuits the decision makers to
properly and optimally plan for changing conditions such that these conditions are

factored into the operational programming process.

[(044] The strategy can be developed to address specific conditions, business drivers
and other external influences. For example, specific strategies can be developed and

utilized within the module that are based upon certain factors such as the supply of raw
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matenials from a specific region of the world, the distuption of such supply, the cost of
shipping, ctc. Furthermore, specific strategies can be ufilized to address certain
anexpected conditions {¢.g., weather, or the shutdown or failure of a facility unit), The
business drivers and goals in advance of, during and after a weather related event {¢.g. a
hurricane) arc very different from norroal business drivers. The uncertain parameters
associated with these conditions may affect the generated results. The desire to have the
facility ready in advance of the weather event will vary the operations previously
accounted for. The use of these strategies may facilitate the development of the

operational program in accordance with the presently disclosed subject matter.

[B045] In response to changes in uncertain or known parameters, the manual
approach, the simulation-based approach and the optimiization-based approach may
create a new solution set that completely revamps a previcusly developed operational
program. The use of the strategy-based approach may be used 1o conjunction with any
of the manual approach, the simulation-based approach and the optimization-based
approach to pormit the decision ruaker to more quickly identify what affoct the changes
in the parameters have on the operational program and what if any revisions are needed.
For exaraple, the change may have minimal impact on the results when compared to the
performance metric. As such, it may be preferable to continue to use the strategy which

had been chosen previously.

(G846} The business drivers contained in the strategy can then be used to explain and
justify the plan or result obtained based upon the sirategy. The use of the strategy-based
approach also enables more effective communication of the underlying intent of the
operational program (i.¢., how to best respond to changes market conditions, weather
conditions or other conditions that may affect the operational program). These results
may not be the most optimal when compared to the resulis obtained, for cxample, from a
scheduling optimizer, but the results are likely to be more practical for purposes of

iraplementation to best achieve the desired business objectives of the selected strategy.

(6047} Input valucs in a strategy-based analysis may be received in any suitable
manner, including mamal entry, loading from a spreadsheet or database, or the input
values may be selected or caleunlated by the tool (¢.g. samples selected from a

distribution of input values}). Because one or more of the parameters are considered
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uncertain, the decision support tool permits a range of possible input values to be
considered in the analysis. Thus, cach input case 15 also associated with the probability
of that particular combination of parameter values occurring. The weighting of each
case can be calculated in any suitable manner. It is contemplated that the weighting may
be based upon a probability or some other factor. For example, cach possible mput value
may be given a weighting factor based on its normalized relative weighting within the
sample of input values being used and these weighting factors for different parameters

may be multiplied to obtain the weighting of cach case.

[6048] In order to obtain results of various strategices, a set of input cases is processed
using a strategy-based module of the operational prograroming application to obtamn
calculations for the performance of cach different strategy. The performance is
evaluated by measuring the results of the different strategics against a set of one or more
comrnon performance metrics. Examples of performance metrics that can be used
include: profitability {c.g. total net margin}, cost {¢.g. overall bunker fuel cost),
utilization rate for term vessels, plant equipment utilization, production quantity,
production time, etc. Finally, after assessing the performance of a strategy (¢.g. against
other strategics or against the optimized result), the user can clect to modify a strategy
{this action 1s intended to include the creation of a new strategy) with improved
performaance. The modification may result in revisions being made to the operational

progran.

[3049] The application of strategies in the operational progravaming application
described above, in combination with the structured automation of the data aggregation
and disaggregation, significantly enhances the transparency of the consequent
operational program that may incorporate these techniques. Namely, the insight into
structured computational models that manipulate and move data between scheduling and
planning tasks, combined with the communication of planning intent conveyed by
strategies, allows the user to better exccute the mstructions in the real-world
environment. For example, if one scheduling option is unfeasible, the transparent
mathernatical models of the operational program may indicate the stage of the process, or
a specific event, that can be adjusted to arrange the data into a schedulable order. Thus,

in addition to the flexibility of validating scheduling adjustments against the transparent
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operational plan, the strategics may further indicate whether the rescheduling is
performed consistently with the planning intent. Such clarity cnables the user to respond
to unforesecable influences with far superior operational awareness i comparison with

the conventional technologies.

LHESH! The presently disclosed subject matter may also be embodied as a
computer-readable storage medium baving executable instructions for performing the
various processes as described herein. The storage medium may be any type of
computer-readable medium (1.c., onc capable of being read by a computer), including
non-transitory storage mediwms such as magnetic or optical tape or disks {e.g., hard disk
or CD-ROM), solid state volatile or non-volatile memory, including random access
memory (RAM), read-only raemory (ROM), electronically programmable memory
(EPROM or EEPROM), or flash memory. The term “non-transitory computer-readable
storage medium’” encompasses all computer-readable storage media, with the sole
cxception being a transitory, propagating signal. The coding for implementing the
present invention may be written in any suitable programming language or roodeling
system software, such as AIMMS. Solvers that can be used to solve the equations used
in the present invention include CPLEX, XPress, KNITRO, CONOPT, GUROBI, and
XA.

6851} The presently disclosed subject matter may also be embodied as a computer
system that 18 programmed to perform the various processcs described herein, The
computer system may include various componeuts for performing these processes,
including processors, memory, input devices, and/or displays. The computer system may
be any suttable computing device, 1ncluding general purpose computers, embedded
computer systems, network devices, or mobile devices, such as handheld computers,
laptop computers, notcbook computers, tablet computers, mobile phones, and the like.
The computer system may be a standalone computer or may operate in a networked or
cloud environment. The application may be executed in a standalone or “disconnected”
mode with the capability to merge and/or sync the standalone results with the results

obtained by other users of the application.

§0o52 it is contemplated that the operational programming application 1 accordance
{ P prog £ app

with the preseutly disclosed subject matter is capable of communicating with other
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systerns commounly used by the busivess (e.g., finance, process control, equipment

maintenance) such that data can be commonly shared and updated.

13653) Although the varigus systems, modules, functions, or components of the
present invention may be described separately, in implementation, they do not
necessarily exist as separate elements. The various functions and capabilities disclosed
herein may be perforrmed by separate units or be corabined nto a single unit. Further,
the division of work between the functional units can vary. Furthermore, the functional

distinctions that are described herein may be integrated in various ways,

Additional Embodiments

[(3054] Embodiment 1. A mcthod of programming and operating a facility,
comprising: {a) using a coraputer system that stores an operational programming
application, wherein the operational programuming application comprises an operational
prograru for determining the operation of at least one facility; (b) acquiring data from
operational events of the at least one facility and entering the data into the operational
program, whercin feasibility of the operational program is maintained; (¢} sctting a scope
of the data to be analyzed, wherein the scope of the analysis is defined based on at least
onc operational cvent of interest; (d) assembling the data within the scope of the analysis
in a structured and automated manner; (¢} processing the assembled data using at least
one of a mathematical model defined from the assembled data and a strategy-based
procedure and obtaining resulis for the defined scope of the analysis; (f) disassembling
the obtained results in a structured and auntomated manner according to the obtained
results; (g) adjusting the operational program by incorporating the obtained result into
the program; and (h} programming and operating the at least one facility according to

the adjusted operational program.

LHIRR]! Embodiment 2. The method of Embodiment 1, wherein the scope of the
analysis is set based on the at least one operational event that affects at least a portion of
a facility, a single facility, multiple facilities or one or more portions of multiple

facilities.
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[3056] Embodiment 3. The method according to any one of the preceding
Embediments, wherein the scope of the analysis is set according to a duration of the at

least one operational event of interest.

[BO87] Embodiment 4. The method of Embodiment 3, wherein the scope of the
analysis is set according to a duration of an effect that the at least one operational event

has ou the at least ove facility.

[B058] Embodiment 5. The method according to any one of the preceding
Embodiments, wherein processing the assembled data comprising using a mathematical

model defined from the assernbled data.

[(059] Embodiment 6. The method according to any onc of Emnbodiments 1-4,

wherein processing the assembled data comprising using a strategy-based procedure.

(6060} Embodiment 7. The method according to any one of Erobodiments 1-4,
wherein processing the assembly data comprising using both a mathematical model

defined from the assembled data and a strategy-based procedure.

{6061 Embodiment 8. The method according to anyoue of the preceding
Embediments, wherein the operational events of the at least one facility entered into the
operational program are one of two types of events: defined operational cvents and

undefined operational events.

16862} Embodiment 9. The method of Embodiment 8, wherein a ratio of a number
of the defined operational events to a nurnber of the undefined operational events entered

wito the operational program changes with passage of time.

(8063 Embodiment 1. The methed of Embodiment 8, wherein a ratio of a2 number
of the defined operational events to a number of the undefined operational events entered

mto the operational program focreases with passage of time.

[6064] Embodiment 11, A coroputer system for determining the operation of a
facility, the computer system being programmed to perform steps that comprise: (a)
storing an operational programming application, wherein the operational prograraming

application comprises an operational program for determining the operation of at least
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one facility; (b) acquiring data from operational events of the at least one facility and
entering the data into the operational program, wherein feasibility of the operational
program is maintained; (¢} setting a scope of the data o be analyzed, wherein the scope
of the analysis 1s defined based on at lcast one operational event of interest; (d)
assernbling the data within the scope of the analysis in a structured and automated
manner; {¢) processing the assembled data using at least one of a mathematical model
defined from the asscrabled data and a strategy-based procedure and obtaining results for
the defined scope of the analysis; (f) disassembling the obtained results in a structured
and autornated manner according to the obtained results; and (g) adjusting the

operational program by incorporating the obtained result into the program.

[3065] Embodiment 12, The computer system of Embodiment 11, wherein the scope
of the analysis 18 set based on the at least one operational event that affects at least a
portion of a facility, a single facility, multiple facihitics or one or wore portions of

multiple facilities.

(6866} Embodiment 13, The computer system of Embodiments 11or 12, wherein the
scope of the analysis 1s set according to a duration of the at least one operational event of

interest,

[3867] Embodiment 14. The computer system of Embodiment 13, wherein the scope
of the analysis 18 st according to a duration of an cffect that the at least one operational

event has on the at least one facility.

[6068] Embodiment 15, The computer sysiern according to any one of Embodiments
11-14, wherein processing the assembled data comprising using a mathematical model

defined from the assembled data.

[6069] Embodiment 16. The computer system according to any one of Embodiments
11-14, wherein processing the assembled data comprising using a strategy-based

procedure.

[6O708] Embodiment 17, The computer systern according to any one of Embodiments
11-14, wherein processing the assembly data comprising using both a mathematical

model detined from the assembled data and a strategy-based procedure.
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{6671 Embodiment 18, The computer system according to any one of Embodiments
11-17, wherein the operational events of the at least one facility entered into the
operational program are one of two types of events: defined operational events and

undefined operational cvents.

[6672] Embodiment 19. The computer system of Embodiment 18, wherein a ratio of
a number of the defined operational events to a nuruber of the undefined operational

events entered into the operational program changes with passage of time.

{6873 Embodiment 20. The computer system of Embodiment 18, wherein a ratio of
a number of the defined operational events to a number of the undefined operational

events entered into the operational program increases with passage of time.

[6074] Embodiment 21, A non-transttory roachine-readable storage medium
comprising instructions which, when executed by a processor, cause the processor to: {(a)
store an operational programming application, wherein the operational prograroming
application comprises an operational program for determining the operation of at least
one facility; (b) acquire data from operational events of the at least one facility and
entering the data into the operational program, wherein feasibility of the operational
prograra is maintained; {¢) sct scope of the data to be analyzed, wherein the scope of the
analysis is defined based on at least one operational event of interest; (d} assemble the
data within the scope of the analysis in a structured and sutornated manner; (¢) process
the assembled data using at least one of a mathematical model defined from the
assembled data and a strategy-based procedure and obtain results for the defined scope of
the analysis; () disassemble the obtained results in a structured and automated manne
according to the obtained resuits; and (g} adjust the operational program by incorporating

the obtained result into the program.

[B075] Embodiment 22, The non-transitory machine-readable storage medium of
Embodiment 21, wherein the scope of the analysis is set based on the at least one
operational event that affects at least a portion of a tacility, a single facility, multiple

facilitics or one or more portions of multipie facilities.
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[6676] Embodiment 23. The non-transitory machine-readable storage mediur of
Embediment 21 or 22, wherein the scope of the analysis is set according to a duration of

the at least one operational event of interest.

166771 Embodiment 24. The non~transitory machine-readable storage wedium of
Embodiment 23, wherein the scope of the analysis is set according to a duration of an

cffect that the at least one operatioval event has on the at least one facility.

[6078] Embodiment 25. The non-transitory machine-readable storage mediurn
according to any one of Embodiments 21-24, wherein processing the assembled data

comprising using a mathematical model defined from the agsembled data.

[B079] Embodiment 26, The non-transitory machine-readable storage medium
according to any onc of Embodiments 21-24, wherein processing the assembled data

comprising using a strategy-based procedure.

[G08G] Embodiment 27. The non-transitory machine-readable storage medium
according to any one of Ermbodiments 21-24, wherein processing the assembly data
comprising using both a mathematical model defined from the assembled data and a

strategy-based procedure.

G081} Embodiment 28. The non-transitory machine-readable storage medium
according to any one of Embodiments 21-24, wherein the operational events of the at
least onc factlity entered into the operational program are one of two types of events:

defined operational events and undefined operational events.

[6082] The foregoing description and examples have been set forth voerely to
ithastrate the invention and are not intended to be limiting. Each of the disclosed aspects
and emboduments of the present invention may be considered individually or in
combination with other aspects, embodiments, and variations of the invention.
Maodifications of the disclosed embodiments incorporating the spirit and substance of the
invention 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 programming and operating a facility, comprising:

@ using a computer system that stores an operational programming
application, wherein the operational programming application comprises an
operational program for determining the operation of at least one facility;

(b) acquiring data from operational events of the at least one facility and
entering the data into the operational program, wherein feasibility of the operational
program is maintained, wherein the operational events of the at least one facility
entered into the operational program are one of two types of events: defined
operational events and undefined operational events, wherein a ratio of a number of
the defined operational events to a number of the undefined operational events entered
into the operational program changes with passage of time, wherein a ratio of a
number of the defined operational events to a number of the undefined operational
events entered into the operational program increases with passage of time;

(© setting a scope of the data to be analyzed, wherein the scope of the
analysis is defined based on at least one operational event of interest;

(d) assembling the data within the scope of the analysis in a structured and
automated manner;

(e) processing the assembled data using at least one of a mathematical
model defined from the assembled data and a strategy-based procedure and obtaining
results for the defined scope of the analysis;

()] disassembling the obtained results in a structured and automated
manner according to the obtained results;

(9) adjusting the operational program by incorporating the obtained result
into the program; and

(h) programming and operating the at least one facility according to the

adjusted operational program.

2. The method of claim 1, wherein the scope of the analysis is set based on the at
least one operational event that affects at least a portion of a facility, a single facility,

multiple facilities or one or more portions of multiple facilities.
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3. The method of claim 2, wherein the scope of the analysis is set according to a
duration of an effect that the at least one operational event has on the at least one

facility.

4. The method of claim 1, wherein the scope of the analysis is set according to a
duration of the at least one operational event of interest.

5. The method of claim 1, wherein processing the assembled data comprising

using a mathematical model defined from the assembled data.

6. The method of claim 1, wherein processing the assembled data comprising

using a strategy-based procedure.

7. The method of claim 1, wherein processing the assembly data comprising
using both a mathematical model defined from the assembled data and a strategy-

based procedure.

8. A computer system for determining the operation of a facility, the computer
system having executable instructions stored in a memory and being programmed to
perform steps that comprise:

@ storing an operational programming application, wherein the
operational programming application comprises an operational program for
determining the operation of at least one facility;

(b) acquiring data from operational events of the at least one facility and
entering the data into the operational program, wherein feasibility of the operational
program is maintained, wherein the operational events of the at least one facility
entered into the operational program are one of two types of events: defined
operational events and undefined operational events, wherein a ratio of a number of
the defined operational events to a number of the undefined operational events entered
into the operational program changes with passage of time, wherein a ratio of a
number of the defined operational events to a number of the undefined operational

events entered into the operational program increases with passage of time;
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(c) setting a scope of the data to be analyzed, wherein the scope of the
analysis is defined based on at least one operational event of interest;

(d) assembling the data within the scope of the analysis in a structured and
automated manner;

(e) processing the assembled data using at least one of a mathematical
model defined from the assembled data and a strategy-based procedure and obtaining
results for the defined scope of the analysis;

()] disassembling the obtained results in a structured and automated
manner according to the obtained results; and

(9) adjusting the operational program by incorporating the obtained result

into the program.

9. The computer system of claim 8, wherein the scope of the analysis is set based
on the at least one operational event that affects at least a portion of a facility, a single

facility, multiple facilities or one or more portions of multiple facilities.

10.  The computer system of claim 8, wherein the scope of the analysis is set
according to a duration of the at least one operational event of interest.

11.  The computer system of claim 10, wherein the scope of the analysis is set
according to a duration of an effect that the at least one operational event has on the at
least one facility.

12.  The computer system of claim 8, wherein processing the assembled data

comprising using a mathematical model defined from the assembled data.

13.  The computer system of claim 8, wherein processing the assembled data

comprising using a strategy-based procedure.

14.  The computer system of claim 8, wherein processing the assembly data
comprising using both a mathematical model defined from the assembled data and a

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

@ store an operational programming application, wherein the operational
programming application comprises an operational program for determining the
operation of at least one facility;

(b) acquire data from operational events of the at least one facility and
entering the data into the operational program, wherein feasibility of the operational
program is maintained, wherein the operational events of the at least one facility
entered into the operational program are one of two types of events: defined
operational events and undefined operational events, wherein a ratio of a number of
the defined operational events to a number of the undefined operational events entered
into the operational program changes with passage of time, wherein a ratio of a
number of the defined operational events to a number of the undefined operational
events entered into the operational program increases with passage of time;

(© set scope of the data to be analyzed, wherein the scope of the analysis
is defined based on at least one operational event of interest;

(d) assemble the data within the scope of the analysis in a structured and
automated manner;

(e) process the assembled data using at least one of a mathematical model
defined from the assembled data and a strategy-based procedure and obtain results for
the defined scope of the analysis;

)] disassemble the obtained results in a structured and automated manner
according to the obtained results; and

(9) adjust the operational program by incorporating the obtained result into

the program.

16.  The non-transitory machine-readable storage medium of claim 15, wherein the
scope of the analysis is set based on the at least one operational event that affects at
least a portion of a facility, a single facility, multiple facilities or one or more portions
of multiple facilities.
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17.  The non-transitory machine-readable storage medium of claim 15, wherein the
scope of the analysis is set according to a duration of the at least one operational event

of interest.

18.  The non-transitory machine-readable storage medium of claim 17, wherein the
scope of the analysis is set according to a duration of an effect that the at least one

operational event has on the at least one facility.

19.  The non-transitory machine-readable storage medium of claim 15, wherein
processing the assembled data comprising using a mathematical model defined from

the assembled data.

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

processing the assembled data comprising using a strategy-based procedure.

21.  The non-transitory machine-readable storage medium of claim 15, wherein
processing the assembly data comprising using both a mathematical model defined
from the assembled data and a strategy-based procedure.



